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We combine the expertise of nearly 500 scientists, lawyers, and advocates with the power of

more than two million activists to confront our planet's most pressing problems.
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Southern communities prefer their
coastlines sandy, beautiful, and
bountiful—not filled with rigs and
air guns blasting ships or covered
in oil.
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Anxious about where our planet is
headed? Tip one: You’re not
alone—and that means a lot.
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The Trump administration wants
to open our waterways back up to
pollution.
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We must fight climate change
today in order to protect people
from such disasters tomorrow.
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For the first time in America’s
history, many of our national
monuments are at risk for
industrial exploitation.
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Tracking Trump's attacks on the
environment and how you can
help NRDC stop him.
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The agreement’s authors built in a
time line for withdrawal that
President Trump will have to
follow—slowing him down from
irreparably damaging our climate.
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Thankfully, senators are stepping
in where Donald Trump’s EPA has
fallen down.
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NRDC tracks the Trump
administration’s assaults on the
environment.
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Southern communities prefer their
coastlines sandy, beautiful, and
bountiful—not filled with rigs and
air guns blasting ships or covered
in oil.
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Anxious about where our planet is
headed? Tip one: You’re not
alone—and that means a lot.
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The Trump administration wants
to open our waterways back up to
pollution.
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We must fight climate change
today in order to protect people
from such disasters tomorrow.
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For the first time in America’s
history, many of our national
monuments are at risk for
industrial exploitation.
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Tracking Trump's attacks on the
environment and how you can
help NRDC stop him.
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We focus on fundamental issues in order to protect the natural systems on which all life

depends.
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Whether in California or Chicago, India or Canada, we help protect communities around the

world using decades of legal, scientific, and policy expertise.
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Email or Phone Password

Log In

Forgot account?
Sign Up

NRDC (Natural
Resources Defense
Council)
@nrdc.org

Home

About

Posts

Videos

Photos

Events

Fundraisers

Reviews

NRDC on Instagram

Follow NRDC on Twitter

Green Gifts Store

Community

Create a Page

Nonprofit Organization in New York, New
York

4.0

906,992 people like this

869,463 people follow this

665 people have visited

See AllCommunity

40 W 20th St 
New York, New York, NY 10011

(212) 727-2700

www.nrdc.org

Nonprofit Organization · Environmental
Conservation Organization

See AllAbout

People

906,992 likes
665 visits

Environmental Defense Fund
Environmental Conservation
Organization

Sierra Club
Nonprofit Organization

People Also Like

Posts

NRDC (Natural Resources Defense Council)

Secretary Zinke is trying to keep the Interior Department's report on
national monuments a secret. So we filed a FOIA request.

“We call on Secretary Zinke to stop hiding from the public." - Rhea Suh,
NRDC president

Read our statement on today's Freedom of Information Act request:
on.nrdc.org/2wNYfxZ... See More

August 25 at 12:24pm · 

Like    Comment

Top CommentsSarah Martensen, Judy Daniels, Lizzy Kahn and 606 others like
this.

186 Shares

View all 37 comments

Send MessageLike Share
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NRDC
@NRDC

Natural Resources Defense Council | The
Earth's Best Defense



Planet Earth

nrdc.org

Joined January 2009

3,837 Photos and videos

 Pinned Tweet

NRDC @NRDC · Sep 8
This year’s hurricane season is showing us the folly of planning for 
infrastructure without planning for flooding.

Irma? Harvey?—We Need to Talk About Infrastructure. Now.
But if we don’t discuss flood protection, too, it’s meaningless.
nrdc.org



 

  4   112  168

NRDC @NRDC · 28m
Nearly 70,000 Pennsylvanians work in the clean energy sector—that's 2x the 
number of fossil fuel jobs in the state.

Clean Jobs Pennsylvania 2017 - Environmental Ent…
Report There are nearly 70,000 clean energy jobs in
Pennsylvania, according to a new report released in
August 2017 by E2 and our partners at the Keystone...
e2.org

 

  1   15  11

NRDC @NRDC · 55m
HELP WANTED: We're looking for a National Director of Donor Relations to 
fill a crucial role on our team. Apply now: on.nrdc.org/2wFOVf2

 

Tweets  Tweets & replies  Media

Tweets

69.7K
Following

5,066
Followers

272K
Likes

1,556
Lists

11 Follow

Home Moments Search Twitter  Have an account? Log in
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1,254 posts 108k followers 3,134 following

nrdc_org Follow

NRDC The Earth's Best Defense � on.nrdc.org/Instagram

Get the app Sign up | Log inSearch Search
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Natural Resources Defense Council
Environmental Services
201-500 employees

See jobs13,217 followers Follow

Home Careers

Interested in Natural
Resources Defense Council?
Learn about our company and
culture.
4 jobs posted

Interested in Natural
Resources Defense Council?
Learn about our company and
culture.
4 jobs posted

Natural Resources Defense Council
employees

Careers

Promoted

›
Ready for a Change?
In 1 week, get job offers from top
companies coming straight to you

›
Master of Legal Studies
Online Master's in 1 year from
WashU. No GRE/LSAT required.

›
Test, Adapt, Personalize
Personalize & Enhance Customer
Experience with Google Optimize
for Free.

People Also Viewed

Careers

Recent Updates

Website
http://www.nrdc.org

Industry
Environmental Services

Type
Non Profit

Company Size
201-500 employees

Founded
1970

NRDC is the nation's most effective environmental action organization. We use law, science and the 
support of 1.3 million members and online activists to protect the planet's wildlife and wild places and to
ensure a safe and healthy environment for all living things. 

Worth Magazine has named NRDC one of America's 100 best charities, and the Wise Giving Alliance of 
the Better Business Bureau reports that NRDC meets its highest standards for accountability and use of
donor funds. 

NRDC was founded in 1970 by a group of law students and attorneys at the forefront of the 
environmental movement. NRDC lawyers helped write some of America's bedrock environmental laws.
Today, our staff of more than 300 lawyers, scientists and policy experts -- a MacArthur "genius"  award-
winner among them -- work out of offices in New York, Washington, Chicago, Los Angeles, San
Francisco and Beijing. 

The New York Times calls us "One of the nation's most powerful environmental groups."  The National 
Journal says we're "A credible and forceful advocate for stringent environmental protection." 

With the support of our members and online activists, NRDC works to solve the most pressing
environmental issues we face today: curbing global warming, getting toxic chemicals out of the 
environment, moving America beyond oil, reviving our oceans, saving wildlife and wild places, and
helping China go green.

Jonathan F.P. Rose
Board Member

See how you're connected

Learn more

Learn more

nrdc.org

Like Comment Share 7 hours ago

Like Comment Share 1 day ago

futurism.com

Like Comment Share 1 day ago

Natural Resources Defense Council Current federal policies have created an unsustainable flood >
rebuild > repeat cycle. Obviously, that's not working. So we're urging the Trump administration and
Congress to take these 4 actions to protect the American people from future disasters. 

The Nation’s Approach to Managing Flood Risks Must
Change

In the era of climate change, the “business-as-usual”
approach for addressing flooding is no longer an option. Current
federal policies create an unsustainable “flood, rebuild, repeat”
situation for managing the nation’s flood risks.

Natural Resources Defense Council Become a force for nature! E2 is hiring an Eastern States
Advocate to fill a critical role on its growing team in NRDC's NYC office. NRDC’s Environmental
Entrepreneurs (E2) program is the business voice for the environment. Apply
now: http://on.nrdc.org/2j1RIua

Natural Resources Defense Council Lawmakers in California are considering a revolutionary bill that
would aim to create a fossil fuel free grid by 2045 in the state. Hopefully, this plan will start a wave of
green cooperation across the entire US!

California is considering a mandate to make the state's
entire grid fossil fuel free

This would ideally cause a chain reaction leading
to a nation of green cooperation, from sea to shining sea.

Sign in Join now
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Telfer, Kathleen

From: NRDC - Rhea Suh <alerts@nrdcaction.org>
Sent: Thursday, September 14, 2017 4:15 PM
To: Telfer, Kathleen
Subject: Pruitt doesn't want to talk climate -- so we will

Scott Pruitt refuses to act on climate. Will fellow Republicans pick up his slack? ?

Dear Kathleen– 

The science indicates that Hurricanes Irma and Harvey were almost certainly made more 
powerful and destructive by climate change. These storms, along with the record heat and raging 
wildfires in the West, are calling out for real solutions to climate change.  

EPA chief Scott Pruitt says he doesn't believe we should be talking about climate change now. 
No surprise, given Pruitt's and President Trump's climate denial and their efforts to roll back 
climate action.

But attitudes are shifting — including among Republicans. As Tomás Regalado, 
Republican mayor of Miami, FL — a city battered by Irma — countered: "This is the time 
that the president and the EPA and whoever makes decisions needs to talk about climate 
change." 

And Senator John McCain told CNN this week that it was time to sit down and discuss potential 
solutions to climate change. 

Let's use Mayor Regalado's and Senator McCain's bipartisan call to arms to pressure Democrats 
and Republicans to renounce climate denial and embrace climate action. Take action or find 
out more below.

Thanks for your support.
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Kathleen, 

It's been 11 days since Hurricane Harvey 
struck Texas, and now many Caribbean 
islands and Florida and other southeastern 
states face a new potentially devastating 
hurricane with Irma. 

The nation is focused — as we should be — on 
recovery and rebuilding in the wake of Harvey, 
and all-important preparations for this new 
storm racing toward us. 

But looming large over these storms is an 
issue that we ignore at our own peril: 
climate change.

No climate scientist would pin all the blame for 
any one hurricane or any one extreme weather 
event on climate change. 

But we do know this: climate change almost certainly made Harvey more 
devastating. The Gulf of Mexico's waters are at record warmth. And warmer waters and 
air fuel more powerful and destructive storms. 

Only the willfully blind can ignore the larger pattern of extreme weather: Harvey is 
the third 500-year storm — or worse — to hit Houston in just three years. It is just the 
latest in a string of catastrophic floods and storm events to strike the nation. Across 
America and around the world heat waves and rainstorms are growing more intense — 
just as climate scientists have predicted for decades. 

At this point, climate change is screaming for our attention. But President Trump 
and congressional leaders have got their fingers in their ears, pretending that all will be 
well if only we would agree to deny climate science. 

That aversion to science is looking more and more like an invitation to a rolling planet-
wide catastrophe. We've seen the future and it looks a lot like Houston. 

So, please send our leaders a wake-up call: Hurricanes Harvey and Irma must be 

With Harvey and Irma, Help 
Turn Disaster Into Climate 
Action

Send leaders a last-chance 
wake-up call: Hurricanes Harvey 
and Irma are a turning point in 
America’s fight for climate 
solutions. 

TAKE ACTION
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the turning point in America's willingness to tackle climate change and 
aggressively pursue a clean energy future.

We'll send your message to President Trump, Vice President Pence, cabinet officials, 
Congress, and your governor and state representatives, all of whom must act now and 
must know that we are watching them. 

The fossil fuel industry still has a financial stranglehold on far too many politicians. 
Here's the evidence: 

President Trump's proposed federal budget — which is now being negotiated by 
Congress — seeks to abolish nearly every climate change program on the books 
at the EPA, Department of Energy, and other key agencies. 

Agency officials like the EPA's Scott Pruitt are ignoring — or driving out — 
scientists we urgently need working on climate change and clean energy. 

The Trump administration is pulling America out of the Paris climate agreement 
and trying to dismantle the Clean Power Plan — our single best hope for 
speeding up the transition away from coal and other dirty fossil fuels. 

And the administration is ramping up efforts to drill for more oil and gas in the 
Arctic, off our coasts, and even in our cherished national monuments. 

These attacks must stop, and after Hurricane Harvey, we must demand that President 
Trump, Congress, and even state and local leaders get serious about tackling 
climate change before it's too late.

But make no mistake: we must do more than cut global warming pollution. Burning of 
fossil fuels has already locked us into more climate change — and more extreme 
weather. So it's absolutely crucial that, in the wake of Hurricane Harvey and with 
Irma approaching, we clean up and rebuild in a way that protects millions of 
people in vulnerable areas from future storms.

That's why NRDC and the NRDC Action Fund are working closely with our 
partners in the Gulf region and around the country to address the recurring 
problems of flooding from record storms and sea level rise ... the toxic mess left behind 
by flooded petrochemical plants ... fighting back in Washington against short-sighted 
cuts to FEMA, the National Weather Service, NOAA, and other agencies that better 
prepare us for the impacts of climate change. 

And right now, we are pushing to fix the fatally flawed federal flood insurance 
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program that continues to subsidize building in flood-prone areas. And we're 
working to reverse President Trump's decision, just days before Harvey hit, to abolish 
federal flood standards meant to protect people and property from storms like this. 

In the days and weeks ahead, we will call on members and supporters like you to 
ratchet up the pressure on political leaders to abandon policies that are making natural 
disasters like Hurricane Harvey even worse, and to win new, smarter policies that will 
better protect all Americans. 

But for now, please seize this moment to send a message demanding strong 
action on climate — for the sake of every person on this planet.

Sincerely, 

Rhea Suh 
President, NRDC 

The mission of the Natural Resources Defense Council (NRDC) is to safeguard the Earth: its people, 
its plants and animals, and the natural systems on which all life depends. 

We appreciate the opportunity to communicate with you and other NRDC Activists. We are committed to protecting your 
privacy and will never sell, exchange or rent your email address. 

Unsubscribe | Update Your Information | About Us | Contact Us | Privacy Policy

Natural Resources Defense Council | 40 West 20th Street | New York, NY 10011 
www.nrdc.org
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Rhea Suh

Follow



 

 

 

 

 

 

 

 

 

ATTACHMENT 10 



��������� �	
���	
�	���
���������

����������������
���
�����������������	
�� �	
�	���
 ��!

"# $%
&'()(*+



,�����-.	�����	�/	�	
�	0��
��-1���	���������/��	����

�	
���	
�	���
����	���	������,./02�1���	�������	3�������	
	��

0�������
������	�����	���
��
����������
	������	0�����0������2�
/	�����	
���4
5���
�	
��������������63�
��	�5	�����	7--�
����������
�
�����
	��	
	��-������6�����6��8����������
	�3�	�	5	-��	��

	
5���
�	
��-������
�����	����3������
�-��	���	�	5	-���	
�����	0������
9���
��	-�7
������5	3�
�����-�	�����	��	��:�-������
�
������5	3��	����2�	
	���
��-���	��
����-����	��-����
�3�
�0������2��-	�
����
������5	�������5	�	���
�-
���;��-������-	�������
�	��
�����	5	-���	
���	���������	
5���
�	
��-
-���
���-�������	<
�5	�������0�������
���	<
�5	�������7--�
�����0�������
�	:-����
,./0=�>�����:�����

?



 

 

 

 

 

 

 

 

 

ATTACHMENT 11 





































































 

 

 

 

 

 

 

 

 

ATTACHMENT 12 









 

 

 

 

 

 

 

 

 

ATTACHMENT 13 



��������� �	
���
��������������	�����	
���
��
��������	�����	 ���	�!����"	���#��
�������	$�%
���
���	
���&�	'������$�
(���
���)�*+,�

�����-�����.
�#.	�(�$������������/�0 ��/

1	
��	��$�
2����3�4�3�/�/�	�����5�'������6����3�4�3�/�/

!����	$��
6���$	��������	��,�.�����	
7��,��$�����8�9$�
�������	
�!'��(��

�9��%*&"!*�:9�����02�����;�33�"���<�����$�
�������	
���������=�$	 ���	�	�������	���#��
����#

	���#�������(����'6����	
�	'����
���#	
���
�����$�$	��	������������	���.�<	����
(��(���
����

���	
�	'�������������������	�6�'6�*+,��:����*�������+��	��#���,���
����	�
#��;������#����

'��5�
2�'���
3���3�#�
������	���'6�����	���#	$��
6��
�	������
��(6�(��
����	�����������

���
#������
���
���	
����#��
#��������$�
����	(��$�	
�(�	'������$�
(.



��������� �	
���
��������������	�����	
���
��
��������	�����	 ���	�!����"	���#��
�������	$�%
���
���	
���&�	'������$�
(���
���)�*+,�

�����-�����.
�#.	�(�$������������/�0 ��/

,�.�+	'��������	
1�����(��2������#�����$	������#��#��
����1�����'��
�#�����	�����

%
���(	 ��
$�
������
���	
����$�������
(��3%���4���
#�����5.�!������
(��
���6
����*���	
�

�����#��1���������7$�$'������������
�����	 �����	��#2$�8������	�
������	����������(	�	��1

#	
��
���7'����������$�
���(�
�����2���(�����������$	�������	������ ���	��	
�(�	'��

���$�
(��
�����#�����.

����	����	�$����

	�
#�$�
�1������$�
�������	
������#����	�	��	�������	
9�����	�
�$�
���	

����#	
����$����%����#����1�����	���2��$�(�
(�������	���#������
��������
���� ���	��$	������


����(	 ��
$�
���$�����
�&�
� ��:�������7����	����#����
���%�������.

"���$�$	��
�$1�	'���
��'2�*+,����	$������������	�����	�
#���	
��
 ��	
$�
����;�����2

�
�������<���	$�	��%
�	�$���	
�:#�1���	�����������	
�	'���'�(�
�����#����#�$���(
��	��,�.

����	
9����$	 ����
��������������8��	������=�����$�
�������	
1��
��� ��������	
�	'��9���
��
��	


�	������#������	
��
�	�����8�2��#��
�����������#	
������
��8
	�
��	�����(����
(���������

��� ����
(�#	
��
���������$�
7$����	�����	
����#����
(�(�	'������$�
(.

%
�$����
(����������8������������,�����$�
��	���#����1��	''2������	������#	����
����21����#���#

���������1��
����	$�8����>	�
�����	
�	'��9��#�����	������#������	
.

?%�9��'���
	�(����������	
�	'���#	
��	����������	�����
��(2��
�#��$�����	��#���1?�����,�
���

@���	�1��#��
#�����#�	��	������*+,�����$������
���.�?*	�����2���
���	�#	
��	�������#��
#���		.?

6
�������	
9����
���1�����%���������2������	�#�����������#	$�����
�� ��������$�
��	�����

������	��#��$�����#��
#�1�#	
#���
(������?A�B��������
����
����	
(���� ��
#�������$	���	�����

���$�
(�	'��� ��	 ���������������2�������������'���'����	���$�
��#�� �����1?��
�����#��
(�����

� ���(��(�	'�����$��������������������'�����
�0��
�����(�����<����
�����'2������
�	�����

#�
���2�77�#	
#����	
���������$�����������
(�����������	������C�����'2�����*���	
���:#��$2�	�

�#��
#��.



��������� �	
���
��������������	�����	
���
��
��������	�����	 ���	�!����"	���#��
�������	$�%
���
���	
���&�	'������$�
(���
���)�*+,�

�����-�����.
�#.	�(�$������������/�0 0�/

%
����������1������1��	�2
����#�����1�	��������������,	'���
�314�*+,�5��6���	�����-�7"��

�
����1����	����	�'�	#3����������	�
�$�
��	��,�.�����	
���������
�1� ���������$����	��
��$�
�����

����#�� �
����	������%���������'	1��������	�#�����(��8�����14�	'9�#�� ���#��
����#�������$�
��.�%

��(��1	���	���9�#�������#�$���(
��
��	�(� ��,�.�����	
�����2
����������5����	
(�����	���'��

����	��.7

"���*�������+��	��#���,���
����	�
#��������
���	
��4�
	
:��	����	�(�
�;���	
�	���#��
�����4����1���

�
��
 ��	
$�
�������#����������#�����	���	��#��
(���'��#���������
������
 ��	
$�
�.�<	�
�

�
�����4�*+,������$	������
����4����$�$'����
���	
���4���� ����	$�	���#����
�*���=	�34

�����
(�	
4�6	��>
(������
���
�<��
#��#	.

?@@ABACDEF�GCHDFCE@EIFJ�KEBJLAEFM�NCL�BOJ�PLJMM�

���	
�	'�����$	��
�$��
��,<��	�$��4��0�3.�

*+,����������	�������,�����$�
���
���#�	�	����	���	�$��4���3.



��������� �	
���
��������������	�����	
���
��
��������	�����	 ���	�!����"	���#��
�������	$�%
���
���	
���&�	'������$�
(���
���)�*+,�

�����-�����.
�#.	�(�$������������/�0 /�/













 

 

 

 

 

 

 

 

 

ATTACHMENT 14 



��������� �	
�������������������
�����������
����

	������
������ �
���� �!�������������
����"��#�����$%�$� ���

&'()*+,-.�/012�3'4�56,7874�9+:74 97*:4�';�<7*=+>7?@*+=A>)�@'8+>)?B6C7D�E)�FA.7?B6C7D�E)�G7)H'*C

I�JA>K�.'�L*+,+6A8�5*.+>87

&-A*,74�M8)�L=7*�<>+76>7�@A678�@+>K

5(*+8�0NO�/00/?P3BQ5JP9R�<RLSTPU�?�9BVP<�<95MM�WTB9PT

W5<RBUS9LU�X�9-7�JY4-�AC:+6+4.*A.+'6�+4�(Y4-+6,�;'*�A6�76,+677*�;*':�B6C+A�.'�.AK7�'=7*�.-7�-78:�';�A6�+6;8Y76.+A8�+6.7*6A.+'6A8�4>+76>7�(A678�'6�,8'EA8

HA*:+6,�.-A.�+4�6'H�-7AC7C�E)�A6�5:7*+>A6�A.:'4(-7*+>�>-7:+4.�H-'�-A4�E776�>*+.+>+Z7C�E)�.-7�767*,)�+6CY4.*)[

P67*,)�8'EE)+4.4�-A=7�A>>Y47C�T'E7*.�9[�WA.4'6O�>-A+*:A6�';�.-7�B6.7*,'=7*6:76.A8�@A678�'6�&8+:A.7�&-A6,7O�';�(*':'.+6,�-+4�'H6�A,76CA[�B6�A�:7:'�.'

.-7�W-+.7�R'Y47�A�)7A*�A,'O�A�476+'*�PDD'6�V'E+8�&'*([�';;+>+A8�Y*,7C�.-7�AC:+6+4.*A.+'6�.'�(Y4-�-+:�'Y.[

\&A6�WA.4'6�E7�*7(8A>7C�6'H�A.�.-7�*7]Y74.�';�.-7�̂[<[_\�A4K4�.-7�:7:'O�H-+>-�HA4�'E.A+67C�;*':�.-7�W-+.7�R'Y47�.-*'Y,-�A�M*77C':�';�B6;'*:A.+'6�5>.

*7]Y74.�E)�.-7�UA.Y*A8�T74'Y*>74�F7;7647�&'Y6>+8O�A6�76=+*'6:76.A8�,*'Y([

9-7�>'Y6>+8�A>>Y474�.-7�JY4-�AC:+6+4.*A.+'6�';�.Y*6+6,�+.4�EA>K�'6�4'8+C�4>+76>7�A6C�E76C+6,�.'�+6CY4.*)�H+4-74�E)�4Y(('*.+6,�WA.4'6̀4�>-A8876,7*O�F*[

TAa76C*A�G[�@A>-AY*+[�B6�A6�787>.+'6�8A.7*�.-+4�:'6.-O�.-7�100b(8Y4�:7:E7*�>'Y6.*+74�';�.-7�>8+:A.7�(A678�H+88�-A=7�'67�='.7�7A>-�'6�.-7�>-A+*:A64-+([

\B.̀4�EAC�76'Y,-�.-A.�PDD'6�V'E+8�>'6.*'84�W-+.7�R'Y47�767*,)�A6C�>8+:A.7�('8+>+74O\�4A+C�FA6+78�3A4-';O�4>+76>7�C+*7>.'*�';�.-7�UTF&�&8+:A.7�&76.7*[�\U'H

.-7)�HA6.�.'�>'6.*'8�.-7�4>+76>7�.''[\

584'�(*':'.+6,�WA.4'6̀4�*7787>.+'6�A*7�87AC+6,�>8+:A.7�4>+76.+4.4�4Y>-�A4�TA8(-�c[�&+>7*'67O�>-A6>788'*�';�̂&�B*=+67�A6C�>-A+*:A6�';�A�UA.+'6A8�5>AC7:)�';

<>+76>74�(A678�.-A.�*7=+7H7C�,8'EA8�HA*:+6,�+44Y74�;'*�.-7�JY4-�W-+.7�R'Y47[

JY4-�AC:+6+4.*A.+'6�';;+>+A84�4A+C�.-7)�C7>+C7C�.'�4Y(('*.�@A>-AY*+�E7>AY47�-+4�EA>K,*'Y6C�A4�A6�76,+677*�A6C�A6�7>'6':+4.�(*7(A*74�-+:�.'�C7.7*:+67�.-7

,8'EA8�+:(8+>A.+'64�';�>8+:A.7�4>+76>7[�9-7)�4A+C�.-7�AC:+6+4.*A.+'6�A84'�E78+7=74�.-A.�A�>-A+*:A6�;*':�.-7�C7=78'(+6,�H'*8C�H'Y8C�4+,6A8�.-A.�,8'EA8�>8+:A.7

>-A6,7�+4�A�(*'E87:�;'*�.-7�H-'87�H'*8CO�6'.�aY4.�;'*�H7A8.-)�6A.+'64[

P6=+*'6:76.A8+4.4�A6C�WA.4'6�4A)�.-7�AC:+6+4.*A.+'6̀4�C7>+4+'6�*7;87>.4�+.4�C+4>':;'*.�H+.-�-A=+6,�WA.4'6�'6�A�(*74.+,+'Y4�(8A.;'*:�;'*�E*'AC>A4.+6,�.'�.-7

H'*8C�.-7�47*+'Y46744�';�,8'EA8�>8+:A.7�>-A6,7�*74Y8.+6,�;*':�.-7�EY*6+6,�';�>'A8O�,A4O�'+8�A6C�'.-7*�;'44+8�;Y784[

\9-7*7�+4�67H�A6C�4.*'6,7*�7=+C76>7�.-A.�:'4.�';�.-7�HA*:+6,�'E47*=7C�'=7*�.-7�8A4.�d0�)7A*4�+4�A..*+EY.AE87�.'�-Y:A6�A>.+=+.+74O\�.-7�>8+:A.7�>-A6,7�(A678

>'6>8YC7C�8A4.�)7A*�+6�+.4�.-+*C�>':(*7-764+=7�A44744:76.�Y6C7*�WA.4'6̀4�>-A+*:A64-+([

\B̀=7�E776�-7A*+6,�'=7*�.-7�8A4.�:'6.-�'*�.H'�.-A.�A�4:A88�='>A8�(A*.�';�.-7�767*,)�+6CY4.*)�-A4�E776�(Y..+6,�A�8'.�';�(*744Y*7�'6�.-7�̂[<[�,'=7*6:76.�6'.�.'

*7787>.�:7O\�4A+C�WA.4'6O�H-'�HA4�.-7�A44'>+A.7�C+*7>.'*�;'*�76=+*'6:76.�+6�.-7�W-+.7�R'Y47�L;;+>7�';�<>+76>7�A6C�97>-6'8',)�CY*+6,�@*74+C76.�&8+6.'6̀4�;+*4.

.7*:[

WA.4'6�4A+C�-7�E78+7=74�-7�4.+88�-A4�A�,''C�>-A6>7�.'�H+6�*7787>.+'6[�L;;+>+A84�;*':�:A6)�>'Y6.*+74�-A=7�.'8C�-+:�.-7)�H+88�4Y(('*.�-+4�>A6C+CA>)�E7>AY47�';�-+4

AE+8+.)�.'�'*,A6+Z7�.-'Y4A6C4�';�4>+76.+4.4�.'�*7=+7H�C'>Y:76.4�A6C�C7=78'(�>'-7*76.�A6A8)474�';�.-7�>':(8+>A.7C�(*'E87:[

WA.4'6�4A+C�-7�-'(74�.-7�JY4-�AC:+6+4.*A.+'6�C'74�6'.�E78+7=7�767*,)�8'EE)+4.4̀�>8A+:4�.-A.�-7�AC='>A.74�.'Y,-�,'=7*6:76.�*7,Y8A.+'64�';�+6CY4.*+74�.-A.

7:+.�>A*E'6�C+'D+C7O�.-7�:Aa'*�,*776-'Y47�,A4�(*'CY>7C�;*':�-Y:A6�A>.+=+.)[

\V)�AC='>A>)�+4�;'*�.*Y.-�+6�4>+76>7bb.-A.�H7�C'�,7.�.-7�=7*)�E74.�4>+76.+4.4�;*':�A*'Y6C�.-7�H'*8CO\�WA.4'6�4A+C[�\9-7�A*,Y:76.�.-A.�B̀:�A6�AC='>A.7�;'*

*7,Y8A.+'64�A,A+64.�.-7�'+8�+6CY4.*)�+4�+6>'**7>.[\

@*74+C76.�JY4-̀4�>8+:A.7�>-A6,7�('8+>)�>A884�'6�+6CY4.*)�.'�='8Y6.A*+8)�*7CY>7�>A*E'6�C+'D+C7�7:+44+'64[

W-+.7�R'Y47�4('K74:A6�<>'..�V>&8788A6�C+4(Y.7C�.-7�>8A+:�.-A.�.-7�PDD'6�V'E+8�:7:'�+6;8Y76>7C�.-7�W-+.7�R'Y47�C7>+4+'6�'6�.-7�B@&&�>-A+*:A64-+([�9-7

:7:'�\HA4�;AD7C�.'�A6�+6C+=+CYA8�H-'�-AC�6'�+6='8=7:76.�H+.-�B@&&�87AC7*4-+(�+44Y74�A6C�.''K�6'�A>.+'6�'6�.-7�:7:'O\�-7�4A+C[

U7+.-7*�-7�6'*�A6)�';;+>+A8�(*'=+C7C�E)�.-7�JY4-�AC:+6+4.*A.+'6�.'�>'::76.�'6�.-7�+44Y7�;8A.8)�C76+7C�.-A.�+6CY4.*)�+6;8Y76>7�(8A)7C�A�*'87�+6�.-7�<.A.7

F7(A*.:76.̀4�C7>+4+'6�.'�4+C7�H+.-�@A>-AY*+[

P67*,)�+6CY4.*)�8'EE)+4.4�:7.�9Y74CA)�H+.-�<.A.7�F7(A*.:76.�';;+>+A84�E7;'*7�.-7�C7>+4+'6�.'�4Y(('*.�@A>-AY*+�HA4�A66'Y6>7C[�JY.�A�JY4-�AC:+6+4.*A.+'6

';;+>+A8�4A+C�.-7�C7>+4+'6�A8*7AC)�-AC�E776�:AC7[

9-7�UA.+'6



 

 

 

 

 

 

 

 

 

ATTACHMENT 15 





D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



D
ow

nl
oa

de
d 

by
 [2

08
.1

84
.1

47
.2

] a
t 0

9:
25

 1
5 

Se
pt

em
be

r 2
01

7 



 

 

 

 

 

 

 

 

 

ATTACHMENT 16 



Blank Page i

April 2010

Still Poisoning  
the Well

Atrazine Continues to Contaminate 

Surface Water and Drinking Water in the 

United States

Authors

Mae Wu

Mayra Quirindongo

Jennifer Sass

Andrew Wetzler



About NRDC

The Natural Resources Defense Council (NRDC) is a national nonprofit environmental organization with more than  
1.3 million members and online activists. Since 1970, our lawyers, scientists, and other environmental specialists have 
worked to protect the world’s natural resources, public health, and the environment. NRDC has offices in New York 
City, Washington, D.C., Los Angeles, San Francisco, Chicago, Montana, and Beijing. Visit us at www.nrdc.org.

Acknowledgments

The Natural Resources Defense Council gratefully acknowledges the Park Foundation for its generous support of 
our work. The authors would also like to thank those people that provided review and comments on this report, 
including NRDC scientific staff and scientific experts from government and academia.

NRDC Director of Communications: Phil Gutis
NRDC Deputy Director of Communications: Lisa Goffredi
NRDC Publications Director: Anthony Clark
Production: Tanja Bos, tanja@bospoint.com

Copyright 2010 by the Natural Resources Defense Council.

This report is printed on paper that is 100 percent post-consumer recycled fiber, processed chlorine free.



i  

Table of Contents

Executive Summary ii

Chapter 1: A Fresh Look at the Harmful Effects of Atrazine  1

Chapter 2: Revisiting the Problem of Atrazine Contamination and Inadequate  4 

 Attempts to Address It 

Chapter 3: Atrazine Contamination Continues to be a Widespread Problem 6

Chapter 4: Recommendations for Curbing Atrazine Contamination  14 

Appendix (Full Atrazine Monitoring Program Data) 16

Endnotes  22



Still Poisoning the Well: Atrazine Continues to Contaminate Surface Water and Drinking Water in the United States

ii  

Executive Summary

W
atersheds and drinking water systems across the nation remain at risk 

for contamination from the endocrine-disrupting pesticide atrazine. An 

herbicide linked to harm to wildlife and humans, atrazine is the most 

commonly detected pesticide in U.S. waters. Although banned in the European Union 

in 2004, atrazine is still one of the most widely used pesticides in the United States.   

In our 2009 report, Poisoning the Well, NRDC 
obtained and analyzed results of surface water and 
drinking water monitoring data for atrazine and found 
pervasive contamination of watersheds and drinking 
water systems across the Midwest and Southern 
United States. This new report summarizes scientific 
information that has emerged since the publication 
of our initial report. Findings based upon updated 
monitoring data on the presence of atrazine in surface 
water and drinking water draw attention to the 
continuing problem of atrazine contamination and the 
insufficient efforts by the EPA to protect human health 
and the environment.

Pervasive Contamination of Watersheds 
and Drinking Water Continues
Watersheds
Our analysis of the atrazine monitoring data taken 
from twenty watersheds between 2007 and 2008 
confirms that surfaces waters in the Midwestern  
United States continue to be pervasively contaminated 
with atrazine.  

All twenty watersheds showed detectable levels of 
atrazine, and sixteen had average concentrations 
above 1 part per billion (ppb)—the level that has 
been shown to harm plants and wildlife.  
Eighteen of the monitored watersheds were 
intermittently severely contaminated with at 
least one sample above 20 ppb. Nine had a peak 
concentration above 50 ppb, and three watersheds 
had peak maximum concentrations exceeding  
100 ppb.    
The Big Blue River watershed in Nebraska had the 
highest maximum concentration of any watershed 
tested—147.65 ppb, detected in May 2008.  

Drinking Water
NRDC also analyzed atrazine monitoring data taken 
between 2005 and 2008 from drinking water systems 
located all across the United States. Our analysis paints 
an equally disturbing picture about drinking water 
contamination. 

80 percent of the raw water (untreated) and 
finished water (ready for consumption) samples 
taken in 153 drinking water systems contained 
atrazine.

Atrazine has been detected in watersheds and drinking water systems across the Midwest and Southern 
United States. View maps of atrazine contamination online at www.nrdc.org/health/atrazine/
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Of the 153 drinking water systems monitored,100 
systems had peak maximum concentrations of 
atrazine in their raw water that exceeded 3 ppb. 
Two-thirds of these 100 systems also had peak 
maximum concentrations of atrazine that exceeded 
3 ppb in the finished water. 
Six water systems had high enough atrazine levels 
to exceed the EPA drinking water standard of  
3 ppb. 

These results represent only a sampling of public water 
systems in the United States. Thousands more drinking 
water systems may be unknowingly contaminated with 
atrazine, since the federal government only requires 
monitoring four times a year—compared to the more 
frequent weekly and bi-weekly monitoring data that 
we analyzed here. As such, the full extent of atrazine 
contamination of watersheds and drinking water 
systems across the United States is unknown.

Harm from Atrazine Exposure is Well 
Documented
The dangers associated with atrazine use have been 
well documented, and scientific data continue to 
emerge that further bolster the health concerns 
associated with atrazine exposure.  The pesticide is an 
endocrine disruptor, impairs the immune system, and 
is associated with birth defects. The adverse effects of 
exposure to atrazine are particularly harmful during 
critical periods of development. And in the presence 
of other pesticides, atrazine works synergistically to 
increase the toxic effects stemming from expose to the 
harmful chemicals. 

Current Regulations Do Not Adequately 
Protect Human Health
Two statutes principally govern the regulation of 
atrazine. Under the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA), the EPA allows atrazine use 
both in agriculture (such as on corn, sorghum, and 
sugarcane) and at home (such as on lawns). Under 
the Safe Drinking Water Act, the EPA regulates the 
amount of atrazine that is allowed in drinking water.  
Specifically, only 3 ppb of atrazine (calculated based 
on a running annual average) is permitted in finished 
drinking water. NRDC believes a running annual 

average approach for drinking water is inadequate to 
protect human health, because even one-time exposures 
to developmental toxins like atrazine during critical 
periods of development may cause harm.  

Our analysis of the data reinforces the fact that 
the monitoring schedule, set by the drinking water 
regulations, fails to guard against high spikes in atrazine 
levels or even ensure that the EPA’s annual average 
limit on atrazine contamination is not being exceeded. 
Because public water systems are only required to 
take one to four samples per year, they are likely to 
miss a lot of the high spikes that we found. This 
means both that the EPA is ignoring high spikes of 
atrazine in drinking water and that the running annual 
average of atrazine in a system may actually be higher 
than suggested by four samples. Even short-duration 
exposures to atrazine should be regulated by the EPA.  

Atrazine Use Imposes High Costs on 
Drinking Water Systems
Several studies have concluded that atrazine use 
provides only minimal benefits to crop production. On 
the other hand, the cost of treating drinking water for 
atrazine can add high costs to municipalities that have 
to install expensive treatment technology to remove 
the contaminant.  Small systems located around 
agricultural areas where atrazine is frequently used may 
be particularly vulnerable to contamination problems 
and must spend a significant portion of their budgets 
to protect their customers from atrazine exposure. 
Water systems spend tens of thousands of dollars 
per year to maintain treatment systems that remove 
contaminants such as atrazine.

Recommendations for Reducing Atrazine 
Contamination
NRDC called for the phase-out of atrazine because 
of its harm to wildlife and potentially to people 
and because it has minimal or no benefits for crop 
production. Programs to improve water monitoring 
and encourage farmers to reduce their atrazine use 
are important next steps for addressing the problem 
of atrazine contamination while the EPA helps 
farmers transition away from the use of this pesticide 
altogether. NRDC recommends the following steps be 
taken to reduce atrazine contamination in U.S. waters 
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and minimize its impacts on human health and the 
environment:

1. The United States should phase out the use of 
atrazine.  
NRDC strongly recommends that atrazine be phased 
out of all uses in the United States, including home 
gardens and golf courses. Evidence of atrazine’s toxic 
effects on sensitive wildlife species and its potential risk 
to human health is abundant. The monitoring data 
show that high contamination levels in the Midwestern 
and Southern United States are pervasive. There is little 
compelling evidence that atrazine is needed by farmers. 

2. Farmers should take immediate interim steps to 
reduce their atrazine use.  
Farmers should take immediate steps to reduce their 
use of atrazine, including increasing reliance on a vari-
ety of non-chemical techniques for weed control. These 
include crop rotation, the use of winter cover crops, 
alternating rows of different crops, and mechanical 
weed control methods. Additionally, timing fertilizer 
applications to coincide with periods of greatest nutri-
ent uptake by crops can avoid unnecessary fertilizer use 
that would fuel weed growth.

3. The EPA should monitor all vulnerable water-
sheds and require all future monitoring plans to 
identify worst case scenarios.
The EPA should broaden the monitoring program 
to assess all watersheds identified as vulnerable.  The 
monitoring data in this update represent less than  
2 percent of all the watersheds that are at highest risk 
from atrazine contamination. Future monitoring plans 
should be designed to identify the worst case scenarios 
occurring in vulnerable watersheds and in public water 
systems. More frequent sampling and sampling after 
big rainstorms and after fields have been treated with 
atrazine is necessary to assess the impacts of atrazine 
use on waterways. Such monitoring would provide a 
much more realistic view of the actual severity of the 
atrazine problem.  

4. The EPA should publish monitoring results for 
each watershed and public water system sampled.
Monitoring results on the watersheds and the 
public water systems that were sampled under the 
two different monitoring programs were first made 
available to NRDC through Freedom of Information 

Act (FOIA) requests and litigation. People who live 
downstream of atrazine-treated fields have a right to 
know about high levels of atrazine contamination 
in their watersheds or drinking water systems. A 
publicly available website posting sampling data as it 
is analyzed and that regularly reports spikes of atrazine 
contamination would be an important step in the 
right direction, providing accessible information to the 
public. An interactive map of the data used in Poisoning 
the Well on NRDC’s website allows users to see both 
watershed and drinking water data closest to their 
homes in graphical form.1 This format is an example of 
what the EPA could do.
  
5. The public should use home water filtration sys-
tems and demand transparency of information from 
their water utilities.  
NRDC recommends that consumers concerned about 
atrazine contamination in their water use a simple and 
economical household water filter, such as one that 
fits on the tap. Consumers should make sure that the 
filter they choose is certified by NSF International to 
meet American National Standards Institute (ANSI) 
Standard 53 for atrazine. A list of NSF/ANSI53-
certified drinking water filters is available at  
www.nsf.org/certified/dwtu. 
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Atrazine Harms the Hormone System
At least four scientific studies published in late 2009 
offer significant new laboratory evidence that atrazine 
interferes with normal hormone function, including 
reduced sperm production, reduced steroid production, 
and insulin resistance. One study reported an increase 
in male steroid hormones associated with a single-dose 
of atrazine in male rats.1 In another study, male rats 
that ate atrazine-laced feed had significantly less sperm 
than rats not fed atrazine, even after only one or two 
weeks of eating the contaminated feed.2 Importantly, 
the damaging effect on sperm production was dose-
dependent; the more atrazine the rats ate, the lower 
their sperm count. While a dose-response relationship 
does not prove the existence of a causal relationship, 
its presence increases the scientific confidence that the 
outcome (in this case, hormone effects) is caused by the 
treatment (atrazine).

CHAPTER 1 

A Fresh Look at the Harmful 
Effects of Atrazine 

In our original 2009 report, Poisoning the Well: How the EPA is Ignoring Atrazine 

Contamination in Surface and Drinking Water in the Central United States, 

NRDC described the well-documented problems caused by exposure to atrazine, 

including hormone-disruption and immune system impairment in animals, and 

potentially in humans. Additional studies have since been published that further 

strengthen our conclusion that atrazine is harmful to wildlife and should not be in our 

waterways or drinking water. In this update, NRDC reviews new scientific studies that 

provide further evidence of the harmful effects of atrazine exposure to people  

and wildlife.  

A third study documented a dose-dependent 
decrease in male hormone levels in the testicles of rats 
that ate atrazine-contaminated feed.3 A fourth study 
reported effects of atrazine on a different hormone 
system leading to insulin-resistance and obesity after 
lab rats drank atrazine-laced water daily for five 
months.4 

Adding to these findings, in early 2010, well-known 
frog expert Dr. Tyrone Hayes published a startling 
study. He reported that 10 percent of male frogs that 
were born and raised in water contaminated with 
only 2.5 ppb atrazine (less than the federal allowable 
standard for drinking water of 3 ppb) grew up with 
female sex characteristics, including reduced levels of 
male testosterone, reduced sperm levels, and eggs in 
their testes.5 Even more disturbing, these atrazine-
feminized males showed female mating behavior, 
attracted normal males, mated with them, and 
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produced viable larvae that grew into male frogs. 
Although scientists employed by Syngenta (the 
manufacturer of atrazine) have strongly criticized the 
study,6, 7 Hayes’ findings are in general agreement with 
other reports in the scientific literature and cannot  
be discounted.

A 2010 article published by University of South 
Florida researchers analyzed the findings of more 
than 125 independently published research studies of 
atrazine effects on freshwater fish and amphibians.8 
Their meta-analysis found that many of the studies 
reported the same health outcomes, even though 
the studies were in several wildlife species and used 
different research methods.9 In particular, atrazine 
affected the hormone systems of freshwater fish and 
amphibian species in most studies, including effects 
such as altered time of metamorphosis (delayed 
in some studies and accelerated in other studies), 
impaired sperm production, and abnormal gonadal 
development. The consistent finding of endocrine 
disruption effects of atrazine across diverse species 
and in different independent studies strengthens the 
conclusions of each experiment and increases the 
scientific confidence that the findings are  
generally true. 

Atrazine Harms the Immune System
In addition to the hormone effects identified in the 
meta-analysis mentioned above, the review paper by 
Rohr and McCoy also reported that atrazine caused 
impaired immune function and increased infection 
rates in aquatic wildlife living in atrazine-contaminated 
water.10  

Furthermore, atrazine has been shown to act 
synergistically with other chemicals to increase their 
toxic effects by impairing the immune system. In a 
2009 study, when tiger salamander larvae were raised 
for two weeks in water containing atrazine (20 or 200 
ppb) or the pesticide chlorpyrifos (2, 20, or 200 ppb), 
no increase in deaths was observed.11 However, when 
the larvae were exposed to the combination of atrazine 
and chlorpyrifos together, there was a significant 
increase in larval deaths from increased viral infection 
and disease. This study suggests that the two chemicals 
acting together can harm immune function more 
than either one alone. This finding is significant both 
because it is common for several pesticides to be found 
in waterbodies together and because many pesticide 

products, including atrazine, are packaged and sold as 
pesticide mixtures. 

Atrazine May Increase Risk of Poor Birth 
Outcomes
New evidence links atrazine to poor birth outcomes in 
people. A 2009 study found a significant correlation 
between prenatal atrazine exposure and reduced body 
weight at birth.12 The authors reviewed the birth 
records of more than 24,000 babies born in Indiana 
and localized each birth to the particular community 
water system where the mother lived. Their 
analysis showed that the mothers with the highest 
concentrations of atrazine in their tap water (above 0.7 
ppb) for the duration of the pregnancy had a higher 
risk of having a baby with a low birth weight than 
those mothers with lower exposures (below 0.3 ppb). 
Low birth weight is associated with increased risk of 
infant illness and some diseases, such as cardiovascular 
disease and diabetes.13 

Another 2009 study analyzed more than 30 million 
births across the United States and reported an 
increased risk of birth defects associated with mothers 
who became pregnant between April and July, when 
pesticides in waterways are at their highest levels.14 The 
authors reported that among the pesticides monitored 
in the waterways, the risk was most closely associated 
with atrazine contamination. While this study did not 
measure drinking water levels specifically, the fact that 
the risk is highest when conception is timed with peak 
pesticide contamination in rivers and streams raises red 
flags. In 2007, a study found a significant association 
between atrazine water contamination levels and birth 
defects in the gut wall of newborn babies in Indiana.15 
In fact, this study found that the rate of this particular 
birth defect is higher in Indiana than the rate across the 
country. Although there are many water contaminants 
other than pesticides, such as pharmaceutical waste, 
that are likely to cause reproductive harm in Indiana 
and elsewhere, these other contaminants would not 
necessarily be expected to show the seasonal peaks that 
are found with agricultural use of pesticides. 

These studies suggest that, in people, atrazine 
exposure during pregnancy may contribute to a higher 
risk of adverse birth outcomes when considered 
along with genetic factors and other environmental 
contaminants. 
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Farmers and Workers May Be Exposed 
To Unsafe Levels 
A recent study of Iowa farmers reported finding 
atrazine metabolites in the urine of farmers who had 
recently applied atrazine, proving that they had been 
dosed with the pesticide.16 Previous scientific studies 
have linked atrazine urine levels in farm workers and 
rural men to reproductive effects such as low sperm 
count and reduced sperm motility.17, 18, 19 Interestingly, 
the Iowa study reported that the amount of pesticide 
in the urine was related to the amount applied to the 
field.  As such, significantly reducing the amount of 
atrazine applied (or phasing out its use altogether) 
would presumably provide an immediate positive  
effect for farmers by reducing the contamination of 
their bodies. 
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CHAPTER 2 

Revisiting the Problem of 
Atrazine Contamination 

In Poisoning the Well NRDC analyzed surface water data collected between 2004 

and 2006 and drinking water data collected in 2003 and 2004 from watersheds 

and water systems across the Midwestern and Southern United States pursuant 

to a U.S. Environmental Protection Agency (EPA) mandate. Unfortunately, little has 

changed in the way atrazine is regulated and overdue changes in how the government 

monitors for atrazine contamination and attempts to protect public health have not 

yet occurred.

NRDC’s Original Analysis Showed 
Contamination of Watersheds and 
Drinking Water
NRDC’s original report found that the surface waters 
of the Midwestern and Southern United States 
suffer from pervasive contamination with atrazine.1 
In fact, all 40 watersheds tested showed detectable 
levels of atrazine, and 25 had average concentrations 
above 1 ppb, the concentration at which the primary 
production of aquatic non-vascular plants (such as 
algae) is reduced.  We determined that the watersheds 
with the 10 highest peak concentrations of atrazine 
were in Indiana, Missouri, and Nebraska. We also 
noted that some watersheds had at least one sample of 
very high atrazine levels (ranging from 50 ppb to more 
than 200 ppb). 

Our previous analysis of drinking water data also 
revealed high levels of atrazine contamination in the 
drinking water in some public water systems.2 More 
than 90 percent of the samples taken in 139 water 

systems had measurable levels of atrazine in both 2003 
and 2004.  Fifty-four water systems had a one-time 
peak atrazine concentration above 3 ppb.

Poisoning the Well revealed that while water systems 
could claim to be in compliance with the 3 ppb annual 
average limit for atrazine in drinking water under 
the Safe Drinking Water Act when calculated using 
a running annual average, more frequent monitoring 
showed that some systems actually exceeded the federal 
standard. In fact, three of the systems analyzed had 
running annual averages that exceeded 3 ppb. The EPA 
only requires systems to take between one and four 
samples per year to determine whether they comply 
with the standard. As a result, high spikes of atrazine 
that last for a few weeks can easily be missed. Another 
problem with the EPA’s reliance on a running annual 
average is that it allows high spikes of atrazine in spring 
or summer to be offset by low or zero detections in 
the fall and winter. This update to last year’s report 
reconfirms the danger posed by the unabated and 
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widespread atrazine contamination of surface and 
drinking water in the United States and the EPA’s 
continued reliance on running annual averages that are 
based upon too few samples each year.

Action Undertaken by the EPA Remains 
Inadequate
In its 2006 final re-registration decision for atrazine, 
the EPA acknowledged concerns about human 
exposure to atrazine. The EPA classified the chemical 
as a Restricted Use Pesticide because of its hazard to 
ground and surface water.3 As a result, atrazine can 
only be applied by a pesticide professional; however, 
there is an exception for lawn care, turf, and conifer 
trees, allowing homeowners to apply it themselves. 
According to the EPA’s own assessment, this exception 
may, nonetheless, lead to unsafe exposures that exceed 
its “level of concern” for homeowners who apply the 
products to their lawns.4 The EPA also expressed 
concern that children who play on atrazine-treated 
lawns are also at risk for potentially unsafe exposures.5  

The EPA found that workers, including farmers, 
who mix, load, and apply pesticides, like atrazine, 
also risk unsafe exposures. It found that exposures 
can result from accidental spills and splashes onto the 
skin or clothing, or inhalation of fumes and small 
droplets when the chemical is being applied to the 
field. It noted that exposure can even occur when those 
applying the chemicals follow all the label requirements 
for using protective clothing and equipment.6  

The EPA also acknowledged concerns about the 
adverse effects that atrazine can have on wildlife. 
After washing from the field into streams and rivers 
with rainfall, atrazine kills algae and other beneficial 
aquatic plants that provide food, shelter, and oxygen 
for aquatic animals. The EPA has found, for example, 
that the effects of atrazine on aquatic ecosystems “may 
be severe due to the loss of up to 60 to 95 percent of 
the vegetative cover, which provides habitat to conceal 
young fish and aquatic invertebrates from predators.”7 
The EPA assessment goes on to note that “numerous 
studies have described the ability of atrazine to inhibit 
photosynthesis, change community structure,” and  
kill aquatic plants at concentrations between 20 and 
500 ppm.8  

The EPA’s conclusions likely underestimate the true 
extent of the problem. As part of ongoing consultations 

under the federal Endangered Species Act, both the 
U.S. Fish and Wildlife Service and the National 
Marine Fisheries Service have concluded that atrazine 
concentrations below these levels are likely to have 
negative effects on aquatic plant communities, which 
have negative effects on threatened and endangered 
species.9

Moreover, the approved agricultural application 
rates for atrazine are likely to result in adverse effects 
to many endangered species. For example, the EPA 
determined that an application rate of 1.1 or 1.2 
pounds of atrazine per acre on corn or sorghum fields is 
unsafe (that is, it  exceeds the EPA’s acute toxicity level 
of concern) for some endangered aquatic invertebrates, 
endangered aquatic vascular plants, and endangered 
small herbivore mammals.10 Yet, the maximum legal 
application rate is four pounds of atrazine per acre 
for sugarcane, and two pounds per acre for corn and 
sorghum. Even if typical use rates for these crops were 
half of the maximum legal rate, they would still lead to 
unsafe exposures for many plants and aquatic animals.
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For this update, we analyzed the Ecological 
Watershed Monitoring Program data collected by 
Syngenta between 2007 and 2008 from 20 watersheds 
in Illinois, Indiana, Missouri, Nebraska and Ohio. Data 
was collected from early spring through the summer or 
fall.2 Watersheds were chosen for monitoring in these 
two years based on earlier monitoring results obtained 
from 2004 to 2006 that showed elevated levels of 
atrazine approaching or exceeding the EPA’s level of 
concern.3 Some additional watersheds were chosen 
within or near those watersheds with high atrazine 
levels.

We also analyzed the Atrazine Monitoring Program 
drinking water data collected from 2005 to 2008.4 
During this period, Syngenta collected more than 
35,000 water samples taken from 153 public water 
systems in 12 states. The water systems are located in 
California (2), Florida (4), Illinois (30), Indiana (13), 

CHAPTER 3 

Atrazine Contamination 
Continues to be a Widespread 
Problem

Poisoning the Well was based on our analysis of data collected by the atrazine 

manufacturer Syngenta in selected watersheds under the Ecological Watershed 

Monitoring Program and from drinking water systems under the Atrazine 

Monitoring Program. The EPA had required Syngenta to collect these data rather than 

issue a rulemaking to reduce the use of atrazine. Findings in our 2009 report were 

based on watershed data collected between 2004 and 2006 and drinking water data 

collected between 2003 and 2004.1 

Iowa (9), Kansas (31), Kentucky (4), Louisiana (4), 
Missouri (20), North Carolina (3), Ohio (22) and 
Texas (11). Testing was concentrated in the Midwest, 
where atrazine use is most common.  Both raw water 
(untreated) and finished water (water ready for human 
consumption) were tested.5

Our updated analysis shows continuing pervasive 
contamination—at levels of concern—of both 
watersheds and drinking water that remains consistent 
with our original findings. 

Watersheds Are Still Pervasively 
Contaminated with Atrazine
Many of the watersheds monitored showed high 
atrazine spikes well in excess of levels that are harmful 
to plants and wildlife. High atrazine concentration 
spikes were found to be widespread: 18 watersheds 



Still Poisoning the Well: Atrazine Continues to Contaminate Surface Water and Drinking Water in the United States

7  

had atrazine spikes above 20 ppb, and nine had spikes 
of 50 ppb or more (see Table 1 for the monitoring 
results from all twenty watersheds). The Big Blue River 
watershed (in upper Gage County, Nebraska) showed 
the highest maximum peak concentration of atrazine 

Table 1: Atrazine concentrations in all 20 monitored watersheds, 2007 – 2008

Watershed Sampling
Year

Number of 
samples Atrazine Concentration (ppb)

Max. Annual Avg.

Spring Creek, IL 2007 124 3.25  (6/2/07) 0.36

Iroquois River, IL 2007 139 12.69  (4/26/07) 0.84

Horse Creek, IL 2007 105 42.77  (5/16/2007) 2.41

Vermilion River, North Fork, IN 2007 101 12.15  (4/25/2007) 0.43

Little Pigeon Creek, IN
2007 88 2.95  (8/4/2007) 0.33

2008 174 27.12  (5/3/2008) 1.10

Little Pigeon Creek, subwatershed, IN
2007 61 1.44  (4/27/2007) 0.30

2008 155 15.10  (5/3/2008) 1.11

South Fabius River, MO
2007 102 91.60  (6/2/2007) 5.02

2008 47 62.75  (6/3/2008) 2.03

South Fabius River, MO upstream 2008 192 78.20  (6/3/2008) 1.98

Youngs Creek, MO 
2007 120 16.18  (4/26/2007) 2.33

2008 225 56.60  (5/26/2008) 2.73

Seebers Branch, South Fabius River, MO
2007 124 65.73  (4/26/2007) 2.05

2008 220 144.69  (5/12/2008) 4.20

Main South Fabius River, MO 
2007 121 42.97  (5/4/2007) 2.00

2008 219 33.60  (6/3/2008) 1.43

Long Branch, MO 
2007 126 21.08  (4/26/2007) 3.18

2008 225 37.83  (6/9/2008) 2.02

Long Branch, MO, main 2008 207 36.23  (5/25/2008) 2.80

Big Blue River, Upper Gage, NE 2008 173 147.65  (5/8/2008) 9.12

Big Blue River, Upper Gage, NE; adjacent site  2008 184 116.03  (5/7/2008) 8.45

Muddy Creek, NE 2008 175 67.81  (5/30/2008) 2.49

Big Blue River, Lower Gage, NE 2008 200 82.80  (5/22/2008) 2.07

Big Blue River, Lower Gage, NE; adjacent site  2008 188 32.90  (5/24/2008) 2.32

Lower Muddy Creek, NE 2008 153 50.00  (5/30/2008) 2.25

Licking River, North Fork, OH 2007 128 9.90  (5/16/2007) 0.62

with 147.65 ppb in May 2008. More alarmingly, this 
high peak concentration lasted twelve days during 
which atrazine concentrations ranged from 27.92 ppb 
to 147.65 ppb (see Figure 1). 
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However, the Big Blue River was not alone; other 
watersheds had lengthy spikes as well. The Seeber 
Branch of the South Fabius River in Missouri had a 
13-day spike with concentrations ranging from 5 ppb 
to 144.69 ppb between May 11 and May 23, 2008. 
Youngs Creek, also in Missouri, had an 8-day spike in 
May 2008 with concentrations ranging from 9.85 ppb 
to 56.60 ppb. 

Some atrazine was detected in the sampled streams 
in all watersheds, with annual average atrazine 
concentrations ranging from 0.3 ppb in a sub-
watershed of Little Pigeon Creek in Indiana to 9.12 
ppb in the Big Blue River watershed in upper Gage 
County, Nebraska. Sixteen of the 20 watersheds had 
annual average concentrations above 1 ppb, the level 
at which primary production in aquatic non-vascular 
plants is reduced and which is likely to cause adverse 
effects on the ecosystems in and around these streams.6

Figure 1. Atrazine concentrations in the Big Blue River watershed 
(upper Gage County, Nebraska), March – August 2008
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Atrazine Contamination of Drinking 
Water Continues to be a Problem
Our analysis of the updated drinking water data from 
the Atrazine Monitoring Program again showed that a 
surprising amount of drinking water is contaminated 
with atrazine.  Based on more than 35,000 samples, we 
found that atrazine was detected in 80 percent of the 
samples.

For samples of raw water, 100 water systems had 
maximum peak concentrations of atrazine above 3 ppb. 
For samples of finished water, 67 water systems had 
concentrations of atrazine above 3 ppb. In Piqua City 
Public Water System in Ohio, there was a maximum 
peak concentration of atrazine in the raw water of 
84.80 ppb and in the finished water of 59.57 ppb. 
While another Ohio system, Mt. Orab Village Public 
Water System, had a higher raw water reading, Piqua 
had by far the highest maximum peak concentration of 
atrazine in finished water.

More startling, six systems had atrazine 
concentrations that exceeded the EPA drinking water 
standard, which is based on a running annual average: 
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Wayaconda, Missouri; Piqua City Public Water System, 
Ohio; Versailles Water Works, Indiana; Evansville, 
Illinois; Blanchester Village, Ohio; and Beloit Water 
Department, Kansas..7 Of those six systems, two had 
also exceeded the drinking water standard in 2003 - 
2004 (Versailles Water Works, Indiana and Evansville, 
Illinois), demonstrating continuing problems with 
atrazine contamination. Table 2 shows the water 
systems with running annual averages above 3 ppb in 
either the raw or the finished water.

As we found in our analysis of the 2003 and 2004 
monitoring data, some utilities are effectively treating 
the atrazine in their water, while others are not. For 
example, in the Mt. Orab water system in Brown 
County, Ohio, there was 227 ppb of atrazine in the 
raw water on May 23, 2006. Due to a history of high 
levels of atrazine in Sterling Run Creek (the source 

Table 2. Water systems with annual running averages of atrazine above 3 ppb in raw  
or finished water, 2005 – 2008

Name of monitoring site State County
Population 
Served8, 9

Highest running annual 
average (ppb)

Raw 
Water

Finished 
Water

Mt. Orab Village Public Water System Ohio Brown 3,565 19.59 0.12

Wyaconda Missouri Clark 385 11.24 4.05

Piqua City Public Water System Ohio Miami 20,883 7.09 3.11

Versailles Water Works* Indiana Ripley 1,784 5.24 4.83

Nashville Water Plant Illinois Washington 3,320 4.79 0.15

Mt. Olive Water Works Illinois Macoupin 2,150 4.45 2.59

Clermont Co. Water Ohio Clermont 101,402 4.15 1.15

Evansville* Illinois Randolph 740 4.08 4.44

Kaskaskia Water District Illinois St. Clair 12,586 4.08 1.29

Blanchester Village Ohio Clinton 4,500 3.95 6.67

Wayne City Illinois Wayne 1,370 3.70 0.66

Carthage Public Utilities Illinois Hancock 2,725 3.64 0.84

Winterset Water Treatment Plant Iowa Madison 4,768 3.40 0.56

McClure Water Treatment Plant Ohio Henry 850 3.23 2.74

Coulterville Water Treatment Plant Illinois Randolph 1,300 3.02 1.09

Beloit Water Department Kansas Mitchell 3,639 2.21 3.48

*This system also had a running annual average above 3 ppb in 2003 or 2004.

water), Mt. Orab tests the water from the creek before 
pumping it into its reservoirs to avoid water with a 
high atrazine content. As a result of this testing and 
the installation of activated carbon filters, the atrazine 
concentration in the finished water has remained low – 
below 0.3 ppb.10 When on May 23, 2006 the 227 ppb 
spike was detected in the raw water, the finished water 
had no detectable atrazine.

Other water systems also are successfully reducing 
high levels of atrazine in their water. For example, 
the Nashville water system in Washington County, 
Illinois uses powdered activated carbon to remove 
atrazine.11 The monitoring data show that Nashville’s 
raw water has had high levels of atrazine over the years, 
but atrazine levels in the system’s finished water have 
remained below 1 ppb (see Figure 2).
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Figure 2. Atrazine concentration in raw and finished water, 

Nashville water system (Illinois), 2005 – 2008

Figure 3. Atrazine concentration in raw and finished water, 

Blanchester water system (Ohio), 2005 – 2008
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Unfortunately, not all systems have such effective treat-
ments for atrazine. For example, the concentration of at-
razine in the raw water and the finished water very closely 
mirrored one another in the water system in Blanchester, 
Ohio (see Figure 3). Four years of sampling data indi-
cate that overall the system is not effectively treating for 
atrazine. 

It is also interesting to note that some systems had 
running annual average concentrations in finished 
water that were higher than the concentrations in raw 
water (such as the Blanchester water system). This 
result may be due to the fact that samples of raw water 
are taken at different times than samples of finished 
water, so that high spikes in raw water are not detected, 
which further underscores that more frequent testing 
would catch high peak concentrations that may 
otherwise be missed.  

To see the sampling results for all drinking water 
systems monitored between 2005 and 2008, see the 
Appendix.

High Peak Concentrations of Atrazine 
Endanger Human Health
High, seasonal peak concentrations of atrazine are just 
as important—if not more so—than the annual average 
level. Exposure to high levels of hormone-disrupting 
chemicals such as atrazine during key windows 
of development are associated with permanent 
developmental and reproductive effects.12, 13, 14 

Therefore, atrazine spikes in the finished water of 
public water systems—such as the spikes shown on 
Table 4—are a public health concern, especially to 
vulnerable populations, such as fetuses, infants, and 
children.

Table 3. Water systems with the highest peak atrazine concentration in raw water

Public water system State Date

Maximum Atrazine  
Concentration (ppb)

Concentration 
of next sample 
in raw water 
(ppb)*

Number of 
weeks that 
concentration 
exceeded 3 ppb

Raw 
water

Finished 
water

Mt. Orab Village Public Water System Ohio 5/23/2006 227.00 0.00 65.6 2 weeks

Piqua City Public Water System Ohio 4/25/2005 84.80 59.57 35.29 12 weeks

Kaskaskia Water District Illinois 4/25/2005 57.98 14.73 13.32 6 weeks

Baxter Springs Water Treatment Plant Kansas 4/25/2005 56.74 4.60 5.55 1 week

Nashville Water Plant Illinois 5/12/2008 44.92 0.07 34.0 4 weeks

Mc Clure Water Treatment Plant Ohio 6/3/2008 42.89 33.83 13.26 4 weeks

Monroeville Village Ohio 6/23/2008 37.28 0.03 5.58 1 week

Coulterville Water Treatment Plant Illinois 6/9/2008 35.50 1.88 0.83
2 weeks prior to 
peak

Thibodeaux Water Works Louisiana 5/31/2005 34.75 11.25 0.38 —

Mt. Olive Water Works Illinois 6/9/2008 33.40 16.47 16.54 10 weeks

* All readings taken 7 days after the peak, except Mt. Orab which was taken 8 days later. 
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As noted earlier, high peak concentrations of 
atrazine in the finished water are not necessarily 
detected by the “routine” monitoring required by 
the EPA to show compliance with drinking water 
regulations. As a result, some systems that are shown 
to comply with the federal standard may actually 
have annual concentrations of atrazine that exceed 
the limit. For example, in both 2005 and 2006, the 
state of Ohio reported no violations of the federal 
drinking water standard for atrazine; however, based 
on the more frequent monitoring under the Atrazine 
Monitoring Program, two different systems in Ohio 
had running annual average concentrations of atrazine 
that exceeded 3 ppb.15 Therefore, showing compliance 
with the federal standard does not necessarily indicate 
that a drinking water system provides water that has an 
annual average concentration below 3 ppb.      

Continued Atrazine Use Brings High 
Economic Costs

As discussed in our 2009 report, atrazine use brings 
little economic benefit to farmers. A study by the U.S. 
Department of Agriculture suggests that if atrazine 
were banned in the United States, the loss of corn 
yields would be only about 1.19 percent, while corn 
acreage would be reduced by only 2.35 percent.16,17 

Table 4. Water systems with the highest peak atrazine concentration in finished water

Public water system State Date

Maximum atrazine 
concentration in 
finished water 
(ppb)

Next reading

Number of 
weeks that 
concentration 
exceeded 3 ppb

Piqua City Public Water System Ohio 4/25/2005 59.57 27.09 1 week

Beloit Water Department Kansas 5/27/2008 41.61 9.72 1 week

Blanchester Village Public Water System Ohio 6/6/2005 37.30 31.90 3 weeks

Mc Clure Water Treatment Plant Ohio 6/3/2008 33.83 11.95 3 weeks

Versailles Water Works Indiana 5/23/2005 30.48 28.95 7 weeks

Flora Water Treatment Plant Illinois 5/23/2005 30.48 6.67 1 week

Evansville Illinois 5/2/2005 25.75 9.57 4 weeks

Logansport Municipal Utility Indiana 6/2/2008 20.94 6.90 1 week

Caney Water Treatment Kansas 4/10/2006 19.90 3.24 1 week

Delaware Water Plant Ohio 5/2/2005 19.33 5.40 1 week

An analysis by Tufts University economist Dr. Frank 
Ackerman of three other studies that estimated higher 
corn losses found them to be limited by serious 
methodological problems.18 Additionally, Ackerman 
found that despite a ban on the use of atrazine in Italy 
and Germany (both corn-producing nations) since 
1991, neither country has recorded any significant 
economic effects. Indeed, there was “no sign of [corn] 
yields dropping in Germany or Italy after 1991, relative 
to the U.S. yield—as would be the case if atrazine were 
essential” and “[f ]ar from showing any slowdown after 
1991, both Italy and (especially) Germany show faster 
growth in harvested areas after banning atrazine than 
before.” Based on this analysis, Ackerman concluded 
that if “the yield impact is on the order of 1%, as 
USDA estimated, or close to zero, as suggested by the 
newer evidence discussed here, then the economic 
consequences [of phasing out atrazine] become 
minimal.”19

The cost of reducing the negative impacts stemming 
from atrazine use, however, is not trivial. Installing 
additional water treatment systems and taking other 
measures to reduce atrazine contamination could 
overwhelm the already overtaxed resources of cities, 
towns, and utilities charged with providing safe and 
clean water to the public. Water systems facing elevated 
levels of atrazine may need to install granulated 
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activated carbon (GAC) filters to reduce levels of this 
pesticide, which can be a large expense. For example, 
the Mt. Orab water system in Ohio produces 372,000 
gallons of drinking water per day for about 3,600 
people. It has experienced the highest atrazine spikes in 
its source water among those systems analyzed in this 
report. To treat this water, Mt. Orab spends $50,000 
per year just on carbon replacement for its GAC filters; 
that figure does not include the cost of purchasing the 
system or performing other needed maintenance.20 
This level of expense may be expected for any system 
dealing with atrazine contamination. The small systems 
taking water from areas surrounded by agricultural 
lands on which atrazine is used may be most vulnerable 
to the contamination and be faced with paying these 
high costs.
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Recommendation #1: The U.S. EPA 
Should Phase Out the Use of Atrazine
Atrazine is not agriculturally necessary and does not 
produce economic benefits that justify its ecological 
and human health risks. In 2006, the EPA chose not to 
prohibit the use of atrazine, opting instead to require 
more monitoring. The results are in, and they show 
that atrazine contamination of drinking water sources 
is pervasive and occurs at concentrations that many 
affected water systems are unable to reduce to safe 
levels. In early 2010, the EPA began reexamining the 
data on atrazine. The EPA should take the next logical 
step to protect public health by removing atrazine from 
store shelves and curbing its release into our soil  
and waterways.

Recommendation #2: Farmers Should 
Be Encouraged to Take Interim Steps to 
Reduce Their Atrazine Use
Farmers often choose to use atrazine and other 
pesticides not because they are more effective than 

CHAPTER 4

Recommendations for Curbing 
Atrazine Contamination 

The contamination of watersheds and drinking water with atrazine around 

the United States continues to be a problem. Exceedingly high levels are still 

being detected, levels which are likely having significant effects on wildlife 

populations and potentially adverse health effects on humans. The few benefits of 

using atrazine combined with the high cost of treating atrazine-contaminated water 

further reinforces NRDC’s original recommendations.

other farming methods, but because they are familiar 
and cheap. Fortunately, there are concrete steps that 
many farmers are already taking to reduce their use 
of atrazine and other pesticides. Some farmers are 
reporting to us that they routinely use only half the 
amount of atrazine that the label allows, and it is 
just as effective. Encouraging farmers to follow these 
leaders and reduce atrazine application rates, especially 
by using targeted spraying or by applying atrazine 
in a narrow band in crop rows, is both effective and 
a money-saver.1 Other sustainable practices, such as 
applying atrazine after the corn has emerged, could 
reduce runoff by half.2 

Using Integrated Pest Management (IPM) 
approaches for weed management relies on weed 
prevention, field monitoring, and the use of effective 
lower risk control methods. Farmers set an action 
threshold—the point at which the number of weeds 
reaches a level that indicates that control is necessary. 
Control methods are utilized only when the action 
threshold is exceeded.  Controls could include 
mechanical and natural methods of weed control, and 
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low-risk pesticides. Conventional pesticides are used 
only as a last resort.3 IPM techniques may include:

Cover Crops: Winter cover crops are a prevention 
strategy that can greatly reduce weed growth by 
competing with weeds for light, water, and nutrients, 
and protect soil from erosion. Legumes used as cover 
crops can also increase nitrogen in the soil.4

Mechanical Weed Control Methods: Rotary hoes 
can be used after weed seeds have germinated, but 
before the weeds emerge, to significantly reduce 
weed growth; cultivators can remove emergent weeds 
before they become established. 5

Delayed Fertilizer Application: Delaying 
application of half of the fertilizer used on corn 
crops until after the ears emerge can deprive weeds 
of nutrients during key periods of growth, while 
ensuring that these nutrients are available to the crop 
when it is best able to absorb them.6,7 
Intercrops: Alternating rows of different crops helps 
reduce weeds and results in higher crop yields.8 
Crop Rotation: Weed density and pesticide use can 
be reduced substantially by shifting from a two-year 
corn/soy rotation, typical of Midwestern agriculture, 
to a multispecies three- or four-year rotation that 
adds species such as alfalfa and oat.9, 10 

Recommendation #3: The EPA Should 
Monitor All Vulnerable Watersheds and 
Require All Future Monitoring Plans to 
Identify Worst Case Scenarios
Although the EPA identified 1,172 watersheds that 
are at highest risk from atrazine contamination, the 
monitoring data set included samples from only twenty 
watersheds. Any future monitoring plans should be 
designed to identify the worst case scenarios occurring 
in vulnerable watersheds and in public water systems. 
Monitoring programs should be designed to increase 
the chances of detecting contamination if it exists. This 
would include requiring samples to be taken within a 
certain time after big rainstorms and after fields have 
been treated with atrazine, which would increase the 
likelihood of determining the severity of the atrazine 
problem.  

Recommendation #4: The EPA Should 
Publish Timely Monitoring Results 
for Each Watershed and Public Water 
System Sampled Online in a User-
Friendly Format
Monitoring results on the watersheds and the 
public water systems that were sampled under the 
two different monitoring programs were first made 
available to NRDC through Freedom of Information 
Act requests and through litigation by NRDC. 
However, the public has a right to know if there is 
an atrazine problem which they must treat, especially 
people who live downstream of atrazine-treated fields 
and who may have sensitive individuals—such as 
pregnant women and infants—in their households. A 
publicly available website with a searchable database 
posting sampling data as they are analyzed, or even 
regular reports about spikes of atrazine contamination, 
similar to the interactive map produced by NRDC,11 
would make this information more accessible to the 
public than the EPA’s current method of posting large 
data files in an EPA docket. Furthermore, the data 
should be presented comprehensively, rather than just 
in summary form. For example, drinking water systems 
that have been monitored must be identified by name, 
along with the monitoring results.

Recommendation #5: The Public Should 
Use Home Water Filtration Systems and 
Demand Transparency of Information 
from Their Water Utilities
NRDC recommends that consumers who are 
concerned about atrazine in their drinking water use 
a water filter certified by NSF International to meet 
NSF/American National Standards Institute (ANSI) 
Standard 53 for atrazine reduction. This standard 
includes some faucet-mounted charcoal filters. While 
filters that meet this certification do not always 
eliminate atrazine entirely, certified filters earning the 
NSF certification are able to reduce atrazine levels in 
drinking water from 9 ppb of atrazine to 3 ppb.12  
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Appendix: Still Poisoning the Well

Presented here are all the results from our analysis of the Atrazine Monitoring Program broken down by state. 
Samples of raw and finished water were taken from each system throughout the monitoring period and analyzed 
for atrazine concentration. We have reported on the highest annual running average calculated for each system in 
both the raw water and the finished water. We have also calculated the highest concentration of atrazine detected 
throughout the monitoring period in both the raw water and the finished water.  

Because it is based on a running annual average, high peak concentrations of atrazine may not result in a 
violation of the federal standard if the remainder of the year had low or no detections of atrazine.  

Atrazine concentrations in public water systems, 2005 - 2008

Name of monitoring site1 State
Population 
served2

Maximum atrazine  
concentration (ppb) Years  

sampled
Number of 
sampling datesRaw 

Water
Finished 
Water

Stockton East CA 50 0.025 0.025 2007 27

Stockton East New Melones Reservoir CA 50 0.025 0.025 2007 14

Sumner Hills CA N/A 0.025 0.025 2007 29

Belle Glade FL N/A 1.22 1.31 2007 38

Lee County FL 224,840 0.98 0.09 2007 37

Peace River FL 3,301 0.12 0.05 2007 38

Punta Gorda FL 29,561 0.34 0.27 2007 37

Centerville Municipal Water Works IA 5,924 2.18 49 2005 - 2006 49

Chariton Municipal Water Works IA 4,573 5.23 1.75 2005 - 2008 132

Creston (12 Mile Lake) IA 7,597 2.93 — 2005; 2008 20

Creston (3 Mile Lake and Finished) IA 7,597 3.8 3.49 2005 - 2008 133

Lamoni Municipal Utilities IA 2,554 4.79 1.7 2005 - 2006 65

Leon Water Works IA 1,983 2.02 1.02 2005 - 2006 65

Montezuma Municipal Water IA 1,457 3.11 0.59 2005 - 2008 138

Osceola Municipal Water Works IA 4,659 5.82 1.54 2005 - 2008 130

Rathbun Regional Water Association IA 27,300 1.37 1.2 2005 - 2006 65

Winterset Water Treatment Plant IA 4,768 28.25 4.93 2005 - 2008 136

Aqua Illinois, Inc. IL 38,000 9.11 6.81 2005 - 2008 137

Ashland IL 1,361 1.72 1.3 2005 - 2008 133

Carlinville Water Works IL 5,685 10.66 5.1 2005 - 2008 128

1  Systems reported concentrations from different water sources separately, so some systems may be listed more than once here.
2  Source: U.S. EPA. Safe Drinking Water Information System (SDWIS). Available at: http://www.epa.gov/enviro/html/sdwis/sdwis_ov.html.
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Name of monitoring site1 State
Population 
served2

Maximum atrazine  
concentration (ppb) Years  

sampled
Number of 
sampling datesRaw 

Water
Finished 
Water

Carthage Public Utilities IL 2,725 10.23 2.27 2005 - 2006 64

Centralia Water Treatment Plant IL 14,274 9.39 6.4 2005 - 2008 138

Coulterville Water Treatment Plant IL 1,300 35.5 2.64 2005 - 2008 137

Evansville IL 740 29.37 25.75 2005 - 2008 129

Farina Water Treatment Plant IL 600 4.21 3.48 2005 - 2008 142

Flora Water Treatment Plant IL 5,675 27.4 30.48 2005 - 2008 130

Gillespie Water Treatment Plant IL 3,646 14.3 2.78 2005 - 2008 136

Greenfield Water Treatment Plant IL 1,200 0.77 0.63 2005 - 2006 64

Highland Water Treatment Plant IL 9,000 1.47 0.5 2005 - 2006 64

Hillsboro IL 5,759 3.98 2.98 2007 - 2008 76

Hillsboro, Glen Shoals IL 5,759 4.6 2.8 2005 - 2006 50

Hillsboro, Lake IL 5,759 0.2 0.13 2006 1

Holiday Shores Sanitary District IL 3,387 1.21 1.27 2005 - 2006 65

Kaskaskia Water District IL N/A 57.98 14.73 2005 - 2008 135

Kinkaid Area Water System IL N/A 1.95 1.79 2005 - 2008 135

Mattoon IL 19,000 2.74 3.04 2007 - 2008 57

Mt. Olive Water Works IL 2,150 8.61 4.59 2007 35

Mt.Olive, New Lake IL 2,150 0.84 — 2005 4

Mt.Olive, Old Lake & Finished IL 2,150 33.4 16.47
2005 - 06; 
2008

102

Nashville Water Plant IL 3,320 44.92 0.77 2005 - 2008 136

New Berlin IL 1,050 0.93 0.91 2005 - 2008 110

Otter Lake Water Commission IL 1,251 3.78 2.68 2005 - 2006 63

Palmyra-Modesto Water Commission IL 70 2.38 1.24 2005 - 2006 65

Paris IL 9,077 26.1 6.75 2005 - 2008 130

Patoka (East Reservoir & Mid-Process 
Finished)

IL 731 3.62 1.34 2006 18

Patoka (North Fork Kaskaskia & 
Finished)

IL 731 14.87 1.24 2006 18

Patoka (West Reservoir &  
Purchased Finished)

IL 731 4.88 0.81 2006 17

Pittsfield Water Treatment Plant IL 4,250 2.98 0.24 2005 - 2006 64

Salem WTP IL 9,000 6.69 3.81 2005 - 2006 65

Springfield City Water Light and Power IL 128,439 1.16 1.16 2005 - 2006 65

Vermont Water Treatment Plant IL 800 10.72 2.44 2005 - 2008 137

1  Systems reported concentrations from different water sources separately, so some systems may be listed more than once here.
2  Source: U.S. EPA. Safe Drinking Water Information System (SDWIS). Available at: http://www.epa.gov/enviro/html/sdwis/sdwis_ov.html.
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Name of monitoring site1 State
Population 
served2

Maximum atrazine  
concentration (ppb) Years  

sampled
Number of 
sampling datesRaw 

Water
Finished 
Water

Waverly IL 1,346 9.33 6.79 2005 - 2008 120

Wayne City (Skillet Fork Creek) IL 1,370 20.6 1.66 2005 - 2008 133

Batesville Water Treatment Plant IN 5,856 6.24 2.86 2005 - 2008 136

Bedford Water Department IN 14,000 28.07 8.37 2005 - 2008 136

Fort Wayne (Three River Filtration Plant) IN 250,000 6.14 4.06 2005 - 2008 129

Indianapolis (Eagle Creek Water Treat-
ment Plant)

IN 781,896 6.87 4.86 2005 - 2006 68

Jasper Municipal Water IN 12,500 3.01 2.48 2005 - 2008 136

Lake Santee IN N/A 15.97 10.54 2005 - 2006 70

Logansport Special Purpose IN 12,861 27.45 20.94 2005 - 2008 136

Mitchell IN 4,800 21.06 18.07 2005 - 2008 122

North Vernon IN 6,500 9.96 8.34 2007 - 2008 49

Stucker Fork Water Treatment Plant IN 14,000 20.5 10.3 2005 - 2008 144

Versailles Water Works IN 1,784 29.3 30.48 2005 - 2008 126

Westport Water Company IN 1,600 1.97 2.66 2005 - 2008 128

Winslow Water Works IN 881 13.7 13 2005 - 2008 133

Altoona KS 474 9.79 12.9 2005 - 2008 130

Atchison KS 10,154 6.78 9.48 2005 - 2008 134

Baxter Springs KS 4,600 56.74 13.41 2005 - 2008 131

Beloit Water Department KS 3,639 31.88 31.13 2005 - 2007 103

Burlington City Water Works KS 2,721 5.1 4.34 2005 - 2008 133

Caney KS 1,994 8.48 19.9 2005 - 2008 122

Carbondale KS 1,440 6.28 2.05 2005 - 2008 132

Chanute KS 8,887 5.43 6.51 2006 - 2008 89

Chetopa KS 1,234 5.74 6.65 2007 - 2008 41

Ellsworth RWD #1 KS 2,626 4.86 3.71 2005 - 2008 131

Emporia KS 26,456 4.1 1.64 2005 - 2008 136

Erie KS 1,167 8.54 9.18 2005 - 2008 134

Franklin County Rural Water District #6 KS 2,400 5.91 5.59 2005 - 2008 134

Harveyville KS 252 0.89 1.17 2006 - 2008 42

Kansas City Board of Public Utilities KS 164,462 2.53 2.54 2005 - 2008 135

LaCygne KS 1,155 4.53 3.77 2006 - 2008 88

Linn Valley Lakes POA KS 146 0.84 0.80 2005 - 2008 82

1  Systems reported concentrations from different water sources separately, so some systems may be listed more than once here.
2  Source: U.S. EPA. Safe Drinking Water Information System (SDWIS). Available at: http://www.epa.gov/enviro/html/sdwis/sdwis_ov.html.
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Name of monitoring site1 State
Population 
served2

Maximum atrazine  
concentration (ppb) Years  

sampled
Number of 
sampling datesRaw 

Water
Finished 
Water

Miami Co. Rural Water District #2 KS 8,631 2.97 2.13 2005 - 2008 133

Milford KS 444 2.74 2.73 2005 - 2008 138

Mitchell Co. Rural Water District #2 KS 1,291 2.86 2.86 2005 - 2008 131

Olathe (Composite of Collector Wells) KS 111,334 2.06 -- 2005 - 2008 126

Olathe (Kansas River and Finished) KS 111,334 3.45 3.23 2005 - 2008 132

Olathe (WTP1) KS 111,334 5.1 0.97 2005 17

Osage Co. Rural Water District #3 KS 900 16.18 8.79 2005 - 2008 131

Osawatomie KS 4,616 15.43 14.5 2005 - 2008 135

Paola KS 5,292 2.17 2.12 2005 - 2008 135

Public Wholesale WSD #12 KS N/A 2.35 1.66 2005 - 2008 135

Public Wholesale WSD #5 KS N/A 4.53 4.3 2005 - 2008 132

Richmond KS 514 15.85 13.36 2005 - 2008 116

Salina KS 46,140 2.42 0.86 2007 - 2008 53

St. Paul KS 657 8.6 9.77 2005 - 2008 130

Topeka Water Treatment Plant KS 121,946 6.52 6.13 2005 - 2008 134

Valley Falls KS 1,209 8.22 7.04 2005 - 2007 137

Leitchfield Water Works KY 9,309 4.8 2.6 2005 - 2008 127

Livermore Green River KY 2,168 2.48 -- 2006 - 2007 25

Livermore Rough River & Finished KY 2,168 5.18 5.2 2006 - 2007 57

Marion, Lake George & Finished KY 3,033 1.12 0.48 2005 - 2008 133

Marion, Old City Lake KY 3,033 1.69 0.025 2005 - 2008
120 (only 1 for 
finished water)

Webster Co. Water District KY 4,386 4.74 4.95 2005 - 2008 137

E. Jefferson Water Works District #1 LA 308,362 1.9 2.38 2005 - 2008 171

Iberville Water District #3 LA 9,072 13.88 16.13 2005 - 2008 178

LaFourche Water Dist. #1 LA 78,760 6.71 9.11 2005 - 2008 177

Thibodeaux Water Works LA 15,810 34.75 11.25 2005 - 2008 177

Bucklin Water Department MO 524 1.62 0.25 2005 - 2008 118

Cameron Light & Power MO 9,788 1.61 0.59 2005 - 2008 134

Clarence Cannon WWC, United Water MO N/A 6.45 1.64 2005 - 2006 66

Concordia Water Treatment Plant MO 2,360 7.94 5.62 2005 - 2008 104

Creighton MO 290 0.31 0.1 2005 - 2006 40

1  Systems reported concentrations from different water sources separately, so some systems may be listed more than once here.
2  Source: U.S. EPA. Safe Drinking Water Information System (SDWIS). Available at: http://www.epa.gov/enviro/html/sdwis/sdwis_ov.html.
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Name of monitoring site1 State
Population 
served2

Maximum atrazine  
concentration (ppb) Years  

sampled
Number of 
sampling datesRaw 

Water
Finished 
Water

Drexel MO 1,200 2.04 1.27 2006 - 2008 87

Hannibal Water Treatment Plant MO 17,596 8.22 5.79 2005 - 2008 133

Harrison County #1 MO 900 1.48 1.43 2006 - 2008 80

Jamesport Water Treatment Plant MO 600 2.95 2.2 2005 - 2008 137

La Plata Water Treatment Plant MO 1,401 2.26 1.71 2005 - 2006 46

Marceline Water Treatment Plant MO 2,548 1.67 0.53 2005 - 2008 125

Maryville Water Treatment Plant MO 9,872 5.54 5.02 2005 - 2008 133

Maysville MO 1,100 1.38 1.36 2006 - 2008 77

Middlefork Water Company MO N/A 2.81 2.32 2005 - 2008 135

Monroe City (Route J Lake) MO 2,700 4.6 0.025 2005 - 2008 132

Monroe City (S. Lake) MO 2,700 1.43 0.68 2005 - 2007 104

Monroe City Finished MO 2,700 4.35 1.95 2008 33

Shelbina (Salt River) MO 1,640 13.12 — 2005 - 2008 136

Shelbina (Shelbina Lake and Finished) MO 1,640 6.9 0.19 2005 - 2008 136

Smithville Water Treatment Plant MO 9,408 2.64 1.54 2005 - 2008 136

Unionville Water Treatment Plant 
(Thunderhead Lake or Lake Mahoney 
and Finished)

MO 2,000 2.96 0.65 2005 - 2006 62

Vandalia Water Treatment Plant MO 2,863 10.15 2.23 2005 - 2008 133

Wyaconda Water Treatment Plant MO 385 23.01 16.56 2005 - 2008 188

Johnston NC 62,230 0.05 0.05 2006 - 2007 46

Monroe (John Glenn WTP) NC 32,454 3.94 2.82 2005 - 2008 130

South Granville NC 10,467 0.27 0.23 2008 22

Alliance Water Treatment Plant OH 23,000 3.73 0.65 2005 - 2008 128

Blanchester OH 4,500 31.25 37.3 2005 - 2008 136

Bowling Green Water Treatment Plant OH 30,000 29.17 0.51 2005 - 2008 135

Cinnamon Lake Utility Co. OH 1,522 2.18 1.99 2005 - 2008 136

Clermont Co. Water, BMWTP OH 101,402 10.85 2.68 2005 - 2008 136

Defiance OH 17,000 15.8 18.5 2005 - 2008 132

Delaware Water Plant OH 33,480 30.43 19.33 2005 - 2008 136

Lake of the Woods Water Company OH 475 8.09 4.9 2005 - 2008 126

Lima OH 74,750 2.49 1.75 2005 - 2008 135

1  Systems reported concentrations from different water sources separately, so some systems may be listed more than once here.
2  Source: U.S. EPA. Safe Drinking Water Information System (SDWIS). Available at: http://www.epa.gov/enviro/html/sdwis/sdwis_ov.html.
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Name of monitoring site1 State
Population 
served2

Maximum atrazine  
concentration (ppb) Years  

sampled
Number of 
sampling datesRaw 

Water
Finished 
Water

McClure Water Treatment Plant OH 850 42.89 33.83 2005 - 2008 112

Monroeville OH 1,433 21.84 0.28 2005 - 2007 103

Monroeville Reservoir & Finished OH 1,433 0.79 0.025 2008 32

Monroeville W Branch Huron OH 1,433 37.28 — 2008 32

Mt.Orab (Mt. Orab Reservoir and 
Finished)

OH 3,565 11.31 0.27 2005 - 2008 137

Mt.Orab (Sterling Run Creek) OH 3,565 227 — 2005 - 2008 90

Napoleon OH 9,318 31.39 10.23 2005 - 2008 137

New Washington Water Plant OH 987 3.26 2.62 2005 - 2008 123

Newark Water Works OH 48,000 18.05 6.67 2005 - 2008 136

Norwalk Water Treatment Plant OH 16,200 6.76 0.81 2005 - 2008 134

Ottawa OH 4,367 1.63 1.37 2005 - 2008 134

Piqua (Gravel Pit) OH 20,500 1.52 — 2005 - 2008 136

Piqua (Miami River) OH 20,500 32.85 — 2005 - 2008 136

Piqua Swift Run Lake & Finished OH 20,500 84.8 59.57 2005 - 2008 136

Shelby (Reservoir 2 and Finished) OH 9,860 8.14 2.9 2005 - 2008 131

Shelby (Reservoir 3) OH 9,860 2.25 — 2005 - 2008 129

Upper Sandusky OH 6,600 1.74 1.82 2005 - 2008 122

Waynoka Regional Water OH 1,400 5.39 2.45 2005 - 2008 138

Wilmington OH 11,921 3.59 1.21 2005 - 2006 66

Wilmington (Caesar Creek Reservoir or 
Gowan Lake Reservoir and Finished)

OH 11,921 4.88 2.78 2005 - 2006 67

Aquilla Water Supply District TX N/A 4.00 2.33 2005 - 2006 59

BRA Granger Lake TX N/A 1.87 1.53 2005 - 2008 131

Brazosport Water Authority TX N/A 6.57 9.42 2005 - 2008 123

Cameron TX 6,624 4.00 6.32 2006 - 2008 75

Cooper Water Treatment Plant TX 5,184 4.35 4.18 2005 - 2008 117

Corsicana TX 28,500 3.25 3.25 2005 - 2006 64

Crosby TX 4,644 1.59 1.73 2008 19

Crosby, Gulf Coast Aquifer Wells TX 4,644 1.71 — 2008 6

Ennis TX 37,901 3.62 1.92 2005 - 2008 137

Marlin Water Treatment Plant TX 6,200 3.99 3.77 2005 - 2006 64

Midlothian Water Treatment Plant TX 25,515 2.71 2.93 2005 - 2008 137

Waxahachie Water Treatment Plant TX 55,900 1.71 1.79 2005 - 2008 124

1  Systems reported concentrations from different water sources separately, so some systems may be listed more than once here.
2  Source: U.S. EPA. Safe Drinking Water Information System (SDWIS). Available at: http://www.epa.gov/enviro/html/sdwis/sdwis_ov.html.
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Between 2001 and 2010, the United States Food and Drug Administration  
(FDA) quietly reviewed the safety of 30 penicillin and tetracycline antibiotici  
feed additivesii approved for “nontherapeutic use” in livestock and poultry.iii 

 Nontherapeutic use refers to using antibiotics for growth promotion or to prevent 
disease in typically crowded, often unsanitary conditions.1 NRDC obtained the 
previously undisclosed review documents from the FDA as a result of a Freedom  
of Information Act (FOIA) request to the agency and subsequent litigation made 
necessary by FDA’s failure to provide any of the requested documents. 

SUMMARY

FDA’s scientific reviewers’ findings show that none 
of these products would likely be approvable as new 
additives for nontherapeutic livestock use if submitted 
today, under current FDA guidelines. Eighteen of the 30 
reviewed feed additives were deemed to pose a “high risk” 
of exposing humans to antibiotic-resistant bacteria through 
the food supply, based on the information available. The 
remainder lacked adequate data for the reviewers to make 
any determination and their safety remains unproven. In 
addition, FDA concluded in their review that at least 26 of 
the reviewed feed additives do not satisfy even the safety 
standards set by FDA in 1973. 

To our knowledge, FDA has taken no action since the 
reviews to revoke approvals for any of these antibiotic feed 
additives (although two were voluntarily withdrawn by the 
drug manufacturer). The FDA does not disclose sales of 
specific animal drug products, and we have no information 
about the quantities of these specific antibiotic additives that 
were sold for livestock use or administered to food animals. 
However, we found evidence suggesting that at least nine of 
these additives are being marketed today, and all but the two 
voluntarily withdrawn additives remain approved for use 
today. 

The significance of these findings extends far beyond the 
30 antibiotic feed additives reviewed. FDA data indicate 
that the types of antibiotics in the reviewed additives—
tetracyclines and penicillins—together make up nearly half 
of all the antibiotics used in animal agriculture. Other feed 
additives with these same antibiotics, including generics, that 
are approved for similar uses would likely pose a similar risk 
of promoting antibiotic resistance. This risk was recognized 
by FDA in 1977 when it proposed to withdraw approvals 
for animal feed additives containing penicillin and most 
tetracyclines.2 

Furthermore, the use of tetracyclines and penicillins in 
animal feed is part of a larger problem of antibiotic overuse. 
Approximately 70 percent of all sales of medically important 

antibiotics in the United States are for livestock use.3 
Scientists have demonstrated that nontherapeutic use of 
antibiotics to raise livestock promotes drug-resistant bacteria 
that can migrate from livestock facilities and threaten public 
health. These bacteria can spread resistant traits to other 
bacteria, and some of these shared traits also can confer 
resistance to antibiotics used primarily in human medicine.4 
 Unfortunately, the FDA’s failure to act on its own findings 
about the 30 reviewed antibiotic feed additives is part of a 
larger pattern of delay and inaction in tackling livestock drug 
use that goes back four decades. A recent voluntary policy 
adopted by FDA, “Guidance #213,” recognizes the problem, 
but lacks meaningful requirements and seems unlikely to 
curb uses of the antibiotics reviewed here or any of the other 
problematic uses (for a number of reasons discussed further 
below). It is time for decisive action to help protect the public 
from the threat of antibiotic resistance. The FDA should:

1.  Complete the decades-delayed process for withdrawing 
approval of penicillin and tetracyclines in animal feed, 
strictly limiting their use to treating sick animals and, in 
rare circumstances, to controlling disease outbreaks.

2.  Initiate the process for withdrawing approval for all other 
classes of medically important antibiotics approved for 
nontherapeutic livestock use that are not shown to be safe.

In the face of the FDA’s continued inaction, Congress, 
food industry leaders, and consumers should step in to 
demand change. Congress should insist on real regulation 
of livestock antibiotic use as outlined in the Preservation of 
Antibiotics for Medical Treatment Act (PAMTA) in the House 
of Representatives5 and the Preventing Antibiotic Resistance 
Act (PARA) in the Senate.6 In the meantime, large food 
companies and consumers can reduce livestock antibiotic 
use by choosing meat and poultry supplied by producers  
that promote antibiotic stewardship in the livestock and 
poultry industry.

i  Here we use “antibiotic” to refer to all antibacterial agents, including both synthetic antibacterials and those produced from a natural source. For convenience, and based 
on common usage, we use “antibiotic” throughout.

ii For convenience, “antibiotic feed additives” refers throughout to drug products added to both feed and water.
iii Hereafter, for ease of use, “livestock and poultry” is referred to only as “livestock.” Similarly, “livestock facilities” refers to both livestock and poultry facilities.
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Antibiotics are the miracle drugs of the past century; they 
transformed medical care by turning infections that often 
proved fatal or required amputation into easy-to-treat 
illnesses.7 Yet overuse and misuse of these medicines in 
both humans and food animals is causing rising rates of 
antibiotic resistance. The World Health Organization (WHO) 
and the Centers for Disease Control and Prevention (CDC) 
have repeatedly highlighted the risk of an impending post-
antibiotic era due to growing resistance and have called for 
action, including the curtailment of inappropriate uses in 
livestock.8 

In a report on Antibiotic Resistance Threats in the United 
States, 2013, the CDC says that “[i]n most cases, antibiotic-
resistant infections require prolonged and/or costlier 
treatments, extend hospital stays, necessitate additional 
doctor visits and healthcare use, and result in greater 
disability and death compared with infections that are easily 
treatable with antibiotics.”9 The agency also warns that 
declining effectiveness of antibiotics will undermine “many 
life-saving and life-improving” procedures and treatments, 
such as “joint replacements, organ transplants, cancer 
therapy, and treatment of chronic diseases such as diabetes, 
asthma, [and] rheumatoid arthritis.”10 

As U.S. production of meat and poultry products has 
grown, U.S. livestock farms have become larger, leading to 
more confinement and crowding and also to greater risk of 

disease among the animals.11 After the FDA approved the 
use of antibiotics in livestock feed in 1951, producers began 
relying on nontherapeutic use of antibiotics to speed animal 
growth and to prevent disease.12 Studies by both livestock 
scientists and advocacy groups, while they have data gaps, 
suggest that the majority of all antibiotic use in U.S. livestock 
is for these nontherapeutic purposes, rather than for the 
treatment of sick animals.13 

Using antibiotics at low doses for extended periods of 
time in crowded livestock facilities can lead to more drug-
resistant bacteria that can outcompete other bacteria, and 
escape livestock facilities to threaten human health.14 A 
large chorus of scientists, health experts, and government 
agencies warns that the overuse and misuse of antibiotics in 
livestock production is contributing to the expanding public 
health crisis of antibiotic resistance, depleting the physician’s 
arsenal of antibiotics effective for treating infections in 
people. In its recent report, CDC notes that “much of 
antibiotic use in animals is unnecessary and inappropriate 
and makes everyone less safe”15 and emphasizes that 
antibiotic overuse in both human medicine and livestock 
production is contributing to the problem of resistance. 16 
The report notes that antibiotic resistance is associated with 
at least 2 million illnesses and 23,000 deaths each year17 and 
shows that as newer antibiotics become less effective, older 
antibiotics may matter more.18 

A BRIEF OVERVIEW OF ANTIBIOTICS,  

RESISTANCE, AND LIVESTOCK USE
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Figure 1: Estimated use of tetracyclines and penicillins/sulfonamides from 1970 to 2011 in livestock production. 

Numbers for 1970 and 
2002-2011 are based on 
estimates from the FDA and 
quantities sold domestically 
as reported by AHI and 
to the FDA. Penicillin and 
sulfonamides were reported 
together.

* No estimate of penicillin 
and tetracycline use is 
available for 1970. 

(Total=all antibiotic classes.) 

Source: Data for graph compiled from several sources. Animal Health Institute, http://www.ahi.org/archives/2008/11/2007-antibiotics-sales/; The Poultry Site, 
http://www.thepoultrysite.com/poultrynews/7985/antibiotic-use-in-us-animals-rises-in-2004; Food and Drug Administration “Summary Report on Antimicrobial 
Sold for Food Producing Animals-2009,” http://www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFeeActADUFA/UCM231851.pdf; Food and 
Drug Administration, “Summary Report on Antimicrobial Sold for Food Producing Animals-2010,” http://www.fda.gov/downloads/ForIndustry/UserFees/
AnimalDrugUserFeeActADUFA/ucm277657.pdf;  Food and Drug Administration, “Summary Report on Antimicrobial Sold for Food Producing Animals-2011,” 
http://www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFeeActADUFA/UCM338170.pdf; Food and Drug Administration, “Statement of Gregory J. 
Ahart, Director, Human Resources Division before the House Committee on Interstate and Foreign Commerce on Food and Drug Administration’s Regulation of 
Antibiotics Used in Animal Feeds,” http://www.gao.gov/assets/100/98536.pdf

*
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PENICILLINS AND TETRACYCLINES: USE IN 

ANIMAL FEED AND FOR HUMAN HEALTH

The reviewed antibiotic additives—penicillins and 
tetracyclines—are also important for treating human disease. 
In the U.S. in 2011, penicillins accounted for 44 percent of the 
total antibiotics sold for human medicine, and tetracyclines 
accounted for 3.5 percent.19 The World Health Organization 
lists penicillins as critically important for human medicine 
and lists tetracyclines as highly important.20 The FDA itself 
recognizes both as highly important, even under its limited 
criteria whereby antibiotics are designated “critically 
important” only if the drugs are used to treat gut pathogens 
that cause foodborne illness.21 A partial listing of continuing 
medical uses of these drugs is provided in Table 1, below.22 
Unfortunately, penicillins and tetracyclines are no longer 
effective in fighting some infections because of increased 
resistance, decreasing options for treatment.23

Table 1: Overview of common medical conditions treated  

with penicillins and tetracyclines 

Antibiotic 

Class

Antibiotic Common Uses in Human 

Medicine24

Penicillins Penicillin G Syphilis
Bacterial meningitis

Ampicillin Bacterial meningitis
Leptospirosis
Complicated UTI  
(kidney complication) 

Tetracyclines Tetracycline Eye infection
Early stages of syphilis
Ehrlichiosis  
(spread by ticks and fleas)

Doxycycline* Chlamydia
Gonorrhea
Bronchitis
Tularemia
Lyme Disease

* Specific antibiotic not used in livestock, but cross resistance between 
antibiotic used in livestock and this antibiotic has been observed.25

At the same time, tetracyclines and penicillins are  
among the most commonly used antibiotics in livestock 
production in the U.S. In 2011, 42 percent of antibiotics  
used in animals were tetracyclines and 6.5 percent were 
penicillins (Figure 1).26 

ANTIBIOTIC-RESISTANT BACTERIA CAN 

ESCAPE LIVESTOCK FACILITIES TO 

THREATEN PUBLIC HEALTH

A rich body of scientific literature, reinforced by the latest 
CDC report on emerging antibiotic resistance, shows that 
antibiotic-resistant bacteria bred in livestock facilities can 
make their way off the farm in a number of ways. People 
who work with livestock or in meat production/processing 
can carry the resistant bacteria into their communities.27 
Resistant bacteria can travel from the farm in air or water, 
can wind up in the soil when manure is applied to crops, 
which in turn can end up on fruits and vegetables, and can 
be found in meat on retail shelves.28 Even insects and rats can 
carry antibiotic-resistant bacteria from farms to surrounding 
communities.29 There is mounting evidence that antibiotic-
resistant bacteria that originate in livestock are reaching our 
communities and homes.30 

Researchers have also demonstrated that the overuse 
and misuse of one antibiotic can actually lead to 
bacterial resistance to other antibiotics. This means that 
nontherapeutic use of penicillins and tetracyclines in animal 
feed can compromise the effectiveness of other medically 
important antibiotics that were not used in livestock 
facilities.31 This occurs through mechanisms described by 
scientists as “cross resistance” or “co-resistance.” 32 (See box 
on antibiotic resistance). 
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Antibiotic resistance: How antibiotic use increases the population of resistant bacteria 

 

Mutation and multiplication

Bacteria multiply rapidly. Each time this happens, there is a small chance that a gene in a bacterium will mutate in a way 
that makes it resistant to a particular antibiotic.

While new resistance genes can and do arise, bacterial resistance and associated genes have long existed, although usually 
in very low numbers.33 Using an antibiotic, for instance, for growth promotion and disease prevention purposes, allows 
resistant bacteria that can withstand the antibiotic to survive and multiply. This creates many new bacteria that carry the 
same resistance gene, while bacterial populations susceptible to antibiotics die off, and ultimately increases the overall 
population of antibiotic-resistant bacteria.34 

Gene sharing and multiplication

Bacteria that are resistant to antibiotics can, in some cases, pass a resistance gene or ‘trait’ on to other bacteria, essentially 
“teaching” them how to endure an antibiotic. One or more resistance genes can be passed from one bacterium to another. 
This means that a bacterium can become resistant to an antibiotic it was never exposed to. This can even occur between 
different types of bacteria.35 This gene-sharing can occur in any environment, including on the farm; in air, water, and soil; 
and in the community, including in the animal and human gut.36

Cross resistance: A resistance trait that confers resistance to multiple antibiotics

Sometimes a bacterium’s ability to resist one antibiotic enables it to resist other antibiotics as well, even those it was not 
exposed to. In simple terms, a bacterium can figure out, and/or share with a neighbor, a way to fend off antibiotics that 
are similar in structure or mechanism. Resistance to drugs both within a class of antibiotics or across multiple classes of 
antibiotics can be shared in this way. For example, as indicated in Table 1, bacteria that are resistant to oxytetracycline can 
also be resistant to Doxycycline, another tetracycline used only in human medicine.37 

Resistance traits that are shared can also confer resistance to drugs across antibiotic classes. A prime example of such 
a trait is the presence of antibiotic “pumps” in the bacteria. These literally pump out antibiotics from bacterial cells, 
and thereby make bacteria resistant.38 Some of these pumps are very versatile and can pump out practically all classes 
of antibiotics currently used in medicine.39 When this trait is transferred from one bacterium to another, the recipient 
bacterium can now withstand any antibiotic that the pump works on. 

Co-resistance: Clusters of resistance traits that confer multidrug resistance 

The ability of bacteria to move around and share genes also enables them to accumulate a cluster of resistant genes or 
traits in a single transferrable unit.40 In one extreme case, ten resistance genes to eight different classes of antibiotics 
were found in such a unit.41 This can lead to an increase in multidrug resistance in the population when even one of these 
antibiotics is used, resulting in the selection of bacteria that have received the cluster from their neighbors. For years 
the USDA, FDA, and CDC have been testing for several known clusters of resistant genes, such as the resistance (and 
transferable) unit ACSSuT (resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline), and 
such clusters are often detected.42 The problem of co-resistant bacteria is well known in both livestock production and 
human medicine. 
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NRDC obtained copies of the FDA review documents 
following litigation over a Freedom of Information Act (FOIA) 
request.43 The documents tell a story of FDA’s continuing 
inaction on antibiotic use in livestock even after the agency’s 
own re-examination of 30 livestock antibiotic feed additives, 
some of which have been allowed for livestock use since 
the 1950s,44 showed that these approved antibiotics have 
not been shown to be safe.45 (For further details on the 
documents, see Appendix.) Starting in 2001 and concluding 
in 2010, FDA scientists, with expertise in fields such as 
veterinary medicine and microbiology, reviewed livestock 
antibiotic feed additives containing penicillin and/or 
tetracyclines.46 The review was triggered by legislation in 2001 
that set aside money for the FDA to work on antibiotics,47  
and was discontinued in 2010 for unknown reasons.48

The FDA scientists reviewed the livestock feed additives, 
listed by NADA (New Animal Drug Application) number 
in Appendix I, according to two sets of criteria: safety 
regulations adopted by FDA in 1973 and FDA’s 2003 
guidelines for evaluating the safety of new animal antibiotic 
drugs (see sidebar). 

The findings of the FDA review are troubling. Of the 30 
reviewed antibiotic feed additives, 26 have never met the 
safety criteria established by FDA in 1973.49 The 1973 safety 
requirements mandated that drug manufacturers submit 
scientific studies that addressed several criteria, including 
evidence that establishes that the nontherapeutic use of 
the antibiotics in animal feed did not promote resistance 
to antibiotics used in human medicine (see sidebar).50 In 
addition to the 26, three other antibiotic additives were 
found not to have met the 1973 safety requirements (and 
thus were not proven to be safe), although the requirements 
may not have applied.51 Of the 30 reviewed feed additives, 
only one was found by FDA (in 1986) to meet the 1973 safety 
standards; however it was found to have failed the agency’s 
standard for efficacy.52 It too remains approved for use. 

Furthermore, when these previously approved antibiotic 
feed additives were evaluated against the FDA’s 2003 
antimicrobial safety guidelines (Guidance #152) for the 
evaluation of a new animal drug,53 the agency found that 
18 of the 30 antibiotic feed additives posed a high risk of 
exposing humans to antibiotic-resistant bacteria through the 
food chain. While FDA did not have sufficient data to conduct 
a comprehensive risk assessment for any of the 30 additives, 
it did have enough information to conduct an abbreviated 

risk assessment for these 18 additives, which varied in the 
level of detail in the assessment. In all of these cases, FDA 
concluded that, based on the information available, these 
were “high risk” uses. For the remaining 12 additives, the drug 
manufacturers had not provided sufficient evidence for FDA 
to even determine the level of risk for human health posed 
by the additives, let alone to determine that the additives 
are safe as used (see Figure 1). Thus, none of the 30 reviewed 
feed additives could likely be approved in their current forms 
today. 

Guidance #152 calls for the characterization of safety 
through the assessment of hazard (or level of risk) before 
approval of all new animal drugs. This allows the FDA to 
set the right restrictions for use of the drug in order to 
manage risk: under Guidance #152, high-risk drugs could 
only be approved for treatment of individual animals for 
short periods of time (less than 21 days).54 Yet, the existing 
approvals for these 18 “high-risk” feed additives would allow 
much wider use. They are approved for over-the-counter use 
for long periods of time with no restriction on the number of 
animals to which they are administered. Thus, they could not 
be approved in their current forms today. The other 12 feed 
additives could not be approved today unless their safety was 
established55 and FDA concluded that it did not even have 
sufficient information to estimate risk (see Appendix I).

The FDA has not withdrawn approvals for any of the 
reviewed antibiotic feed additives, even though the agency is 
required to do so when a drug is not proven to be safe.56 FDA 
did send letters to “sponsors” (sponsoring company) in 2004 
for six of these antibiotic feed additives deemed “high risk,” 
requesting information to address concerns that the additives 
might promote antibiotic resistance (see Appendix III). The 
FDA records do not show that any of the sponsors provided 
additional studies that addressed the FDA’s concerns (see 
Appendix III). Nor do the documents show that FDA took any 
further action.57 

The FDA does not disclose sales of specific animal drug 
products, and we have no information about the quantities of 
these specific antibiotic additives that were sold for livestock 
use or administered to food animals. However, we found 
evidence suggesting that at least nine of these feed additives 
are being marketed today (see Appendix II), and all but two 
apparently voluntarily withdrawn additives remain approved 
for use today.58 

MAIN FINDINGS OF THE FDA REVIEW
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FDA’s Criteria for Evaluating the Safety of Approved Feed Additives

 

1973 Criteria (21 C.F.R. § 558.15)59

Beginning in 1973, the FDA required the submission of data to establish the safety of antibiotic use in animals for 
nontherapeutic purposes (growth promotion and disease prevention). Required submissions include studies demonstrating 
that the antibiotics feed additive does not promote resistance to antibiotics used in human medicine or increase Salmonella 
shedding in fecal matter when used in animal feed for growth promotion and disease prevention, as recommended by an 
FDA task force in 1972.

2003 Criteria (Guidance for Industry #152)60

The FDA’s 2003 Guidance criteria evaluate antibiotic use on the basis of three parameters:

1.  Risk that the antibiotic(s) added to feed will result in the emergence or selection of resistant bacteria in the animal  
being fed. 

2. Likelihood of human exposure to a foodborne bacterium of human health concern.

3.  Risk of adverse human health consequences if exposure occurs. This focuses primarily on the importance of the  
antibiotic class for human medicine and whether its effectiveness might be compromised. 

The three factors above are combined to create a risk estimation of high, medium, and low. The criteria then describe 
allowed conditions of use for each of the different levels of risk such as restrictions on number of animals that can be 
treated at a time.

FDA Review of Approved Nontherapeutic Antibiotic Animal Feed Additives

30
FEED  

ADDITIVES  
REVIEWED

26

NONE

18

12

NEVER MET  
ENHANCED  
1973 SAFETY  

REQUIREMENTS

WOULD BE 
APPROVABLE AS  

NEW DRUGS  
TODAY IN THEIR 

CURRENT FORMS 
UNDER FDA’S  

CURRENT SAFETY  
(2003) GUIDELINES

WERE CATEGORIZED  
AS “HIGH RISK”  
AS APPROVED*

COULD NOT BE 
CATEGORIZED FOR  

RISK DUE TO 
INSUFFICIENT 

INFORMATION.*

*  FDA must not approve or must withdraw approval for drugs that are not shown to be safe.  
[Federal Food, Drug, and Cosmetic Act, 21 U.S.C. § 360b(d)(1)(B), (e)(1)(B).]
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Example of FDA Inaction: Antibiotic Feed Additives That Continue to Be Sold Without Being Shown to Be Safe

CASE 1: Pennchlor SP 250/500: An antibiotic feed 

additive that made it to market without demonstrating 

safety relating to antimicrobial resistance.

The sponsor proposed but never submitted studies to 
address the 1973 safety criteria.61 FDA’s review does not 
mention any other studies that proved safety regarding 
the risk of antimicrobial resistance.62 FDA sent a letter to 
the sponsor in 2004 because it concluded that the feed 
additive likely posed a “high risk” for promoting resistance 
in bacteria of human health concern and requested 
additional safety information.63 Notably, FDA’s letter 
focused only on growth promotion claims for the feed 
additive, even though prevention claims were approved 
for exactly the same kind of use that FDA had found 
not to have met safety criteria in the growth promotion 
context.64,65,66 Both claims were approved with exactly 
the same restrictions (or lack thereof) on doses, dosage 
durations, and number of animals that can be treated.67 
There is nothing in the FDA documents that shows that 
the sponsor provided any new studies that addressed 
FDA’s concerns.68 FDA does not appear to have taken any 
action to withdraw approval even for the growth promotion 
claims it raised in its letter.69 Today, Pennchlor SP250 
continues to be marketed and is used in swine feeds.70

CASE 2: Penicillin G Procaine 50/100: An antibiotic feed 

additive that failed to meet safety criteria and is still 

marketed today. 

In 1997, the FDA asked the sponsor to voluntarily withdraw 
this antibiotic additive due to increased concern from 
public officials and members of the health care community 
regarding the emergence of antimicrobial resistance.71 In 
the same letter, the FDA stated that the product failed to 
meet antimicrobial-resistance safety criteria.72 In its review, 
FDA noted increased microbial resistance was observed 
when the antibiotic feed additive was administered in feed 
to animals.73 The sponsor apparently disputed this finding74, 
yet the FDA documents do not contain any other studies to 
address the safety issue.75 FDA sent another letter to the 
sponsor in 2004 laying out its concerns about resistance.76 
The record does not show that the sponsor submitted any 
new studies.77 FDA never required the sponsor to take the 
antibiotic feed additive off the market, and it is still sold as a 
growth promoter in feed.78

Summary: Two medically important antibiotics in use in feed additives that have not been proven to be safe

Feed Additive name
Case I: Pennchlor SP 250/ 

Pennchlor SP 500
Case II: Penicillin G Procaine 50/100

NADA number 138-934 046-666

Antibiotic class in product Penicillin, tetracycline, sulfonamides Penicillin

Currently marketed by: Pennfield Oil Co.i Zoetis, Inc.ii

Approved for use in: Swine Non-laying chickens, turkeys, pheasants, and quail

Disease treatment and prevention: Yes No

Growth promotion: Yes Yes

i Pennfield Oil Co. is a large global animal health company. This company is not the original sponsoring company for the antibiotic feed additive.
ii Zoetis, a former business unit of Pfizer, is a large global animal health company. This company is not the original sponsoring company for the antibiotic feed additive.
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HISTORY OF FDA INACTION

The failure to follow up on the recent review of antibiotic feed 
additives containing penicillin and/or tetracyclines is just the 
latest example of the FDA’s inaction in the face of mounting 
evidence of public health threats stemming from the overuse 
and misuse of antibiotics in livestock. This inertia goes back 
four decades. In 1970, the FDA convened a task force of 
scientists from multiple agencies, including the National 
Institutes of Health, the U.S. Department of Agriculture, and 
the CDC, as well as from universities and industry. The task 
force found that the use of nontherapeutic antibiotics could 
threaten human health due to the likely rise of antibiotic 
resistance.79 

Similar findings in the Swann Report, a 1969 report issued 
by the British government that inspired the creation of the 
FDA task force, had spurred Europe into action, leading to the 
removal of penicillin and tetracycline as growth promoters in 
animal feed in several European countries.80 The European 
Union has since banned the use of all antibiotic growth 
promoters in animal feed, and Denmark has gone further to 
disallow prophylactic uses.81 

Following the findings of the FDA task force, FDA adopted 
the 1973 regulations requiring drug manufacturers to prove 
the safety of using antibiotics in animal feed.82 When drug 
manufacturers failed to establish safety pursuant to the 1973 
regulations, in 1977, the FDA found that the use of penicillin 
and tetracyclines in animal feed was not shown to be safe 
and proposed to withdraw approval for those uses.83 But the 
agency never followed through to complete the process. In 
2012, NRDC sued to force the agency to act and won two 
court orders, including a directive to begin cancellation 
proceedings for penicillin and tetracyclines in animal feed.84 

The FDA then appealed. A decision is pending. 
In 2003, the agency put out nonbinding guidelines 

(Guidance #152) that the agency follows in evaluating 
applications for new approvals of antibiotics for livestock 
use.85 The 2003 guidelines were designed to increase the 
safety of new livestock drugs by reducing the likelihood 
that they would contribute to the development and spread 
of antibiotic-resistant bacteria via food. However, the 
2003 guidelines do not apply to drugs that were previously 
approved, i.e., most of the antibiotics being used in livestock 
today.86 

Since then, the agency has recently approved more 
voluntary guidelines (Guidance #213)—non-binding 
recommendations—to guide the use and marketing of 
previously approved livestock antibiotics.87 A critical loophole 
is that while FDA’s proposed guidelines would encourage 
drug manufacturers to discontinue selling drugs to speed up 
animal growth (“growth promotion”), it does not discourage 
the continuation of very similar or even identical uses as long 
as the intent is to prevent disease (“disease prevention”), 
even in cases where the animals are not sick and the use is 
driven by the anticipated effects of crowded and unsanitary 

conditions often found on livestock facilities. According to 
the FDA, “disease prevention involves the administration 
of an antimicrobial drug to animals, none of which are 
exhibiting clinical signs of disease, in a situation where 
disease is likely to occur if the drug is not administered.”88 
Because many drugs are approved for both growth 
promotion and disease prevention uses, 89 most current uses 
can continue under a different label. 

Action to Protect Public Health
The FDA should immediately move to end nontherapeutic 
uses of the reviewed penicillins and tetracyclines and should 
limit uses of these medicines to treat sick animals or, in rare 
cases, to control disease outbreaks. The drug manufacturers 
of these antibiotic feed additives have failed for four decades 
to prove that they are safe for human health, as they were 
required to by law.90 And FDA has failed to withdraw 
approval for these drugs in that time, in spite of the drug 
manufacturers’ failure to prove the safety of their products.

As described above, the public health risks found by the 
FDA’s review of 30 antibiotic feed additives are an indicator 
of a larger threat. The nontherapeutic livestock use of 
other penicillins and tetracyclines—and, indeed, any other 
medically important antibiotics—poses a risk of breeding 
resistant bacteria and contributing to the spread of antibiotic 
resistance. The FDA should therefore move swiftly to take 
the necessary steps to eliminate all nontherapeutic uses of 
all classes of medically important antibiotics in livestock 
production. FDA should also require improved reporting on 
livestock antibiotics, including reporting by users of these 
antibiotics, to enable the agency to track progress in meeting 
this goal.

Congress must act
If the FDA fails to take action, then Congress should step 
in to ensure that these essential medicines continue to be 
effective for humans for as long as possible. It should pass the 
Preventing Antibiotic Resistance Act and the Preservation of 
Antibiotics for Medical Treatment Act, both of which would 
phase out the nontherapeutic use of medically important 
antibiotics in animal feed.

Food companies and consumers should not wait 

for federal policy reform
While federal policymakers continue to delay, consumers and 
business leaders can make progress in promoting antibiotic 
stewardship in the livestock industry. Consumers should 
purchase animal products labeled “Certified Organic” or “No 
Antibiotics Administered” when they can. Food companies 
with large purchasing power should specify antibiotic 
stewardship requirements for producers who supply them. 
While many livestock producers have innovative production 
systems that are not reliant on nontherapeutic antibiotic use, 
others must now acknowledge the risks of these practices and 
transition their operations away from antibiotic dependency. 
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EVALUATION OF DOCUMENTS:

Four volumes of the FDA review were received and the 
volumes included short and long versions of product reviews 
of penicillin and tetracycline feed additives. The FDA review 
was carried out from 2001 to 2010 by the Microbial Food 
Safety Team (HFV 157) in the Office of New Animal Drug 
Evaluation. Each review (Microbiologist’s review) included 
a brief summary, a review of the administrative record, and 
conclusions. Specifically, a review of the administrative 
record included assessment of 21 C.F.R. § 558.15 (1973 safety 
and efficacy criteria) information, and assessment of the 
administrative record using Guidance for the Industry (GFI) 
#152. Extra documentation was provided that pertained to 
studies addressing 21 CFR 558.15, email correspondence 
related to the review team, correspondence between the 
sponsor and the Center for Veterinary Medicine (CVM), 
as well as background literature and related presentations 
or posters. Information presented in Appendix I is based 
on the short and long versions of the product reviews by 
the Microbial Food Safety Team including summarized 21 
CFR 558.15 information, summarized correspondence and 
conclusions made by the FDA review team.

METHODS

EVIDENCE OF MARKETING:

NADA numbers were entered into the Animal Drugs 
@ FDA (database of Approved Animal Drug Products, 
http://www.fda.gov/AnimalVeterinary/Products/
ApprovedAnimalDrugProducts/). The current sponsor was 
identified and a search was performed for any evidence 
of current marketing (including product inserts, MSDS 
sheets, summary information, etc.) In addition, a search was 
performed using either the NADA number or the proprietary 
name and evidence of inclusion in any current or recent 
catalogs was included as evidence. In one case evidence was 
found of a generic product based on an identified NADA in 
the FDA review. The Feed Additive Compendium contained 
names of several products listed in Appendix I. Because 
NADA numbers are not associated with those products in the 
Compendium and many products have similar names, results 
from the Feed Additive Compendium are not included in 
Appendix II.

EVIDENCE OF WITHDRAWAL: 

NADA numbers were entered into the Animal Drugs 
@ FDA (database of Approved Animal Drug Products, 
http://www.fda.gov/AnimalVeterinary/Products/
ApprovedAnimalDrugProducts/). NADA numbers were cross 
referenced to the FDA Green Book (Section 6: Voluntary 
Withdrawals and monthly updates to Jan. 2014, The current 
status of the drug was assessed and in cases of withdrawal by 
the sponsor, such a status was noted. 
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APPENDIX II

EVIDENCE OF MARKETING

1. Pennchlor SP 250 (NADA 138-934) – evidence of marketing 
through a feed company

“Pennchlor SP 250 – Product Description,” Feed Products and 
Company South, http://www.feedproducts.net/products/pennchlor-
SP-250.htm, accessed November 25, 2013.

“Pennchlor SP-250- Specifications,” Feed Products and Company 
South, http://www.feedproducts.net/documents/PennchlorSP250.
pdf, accessed November 24, 2013.

2. Aureomix 500 (NADA 035-688) – evidence of marketing 
through an animal pharmaceutical company

“Product inserts – Aureomix 500,” Zoetis, https://online.zoetis.com/
US/EN/contact/product_information/Pages/ProductInserts.aspx, 
accessed November 25, 2013.

“Material Safety Data Sheet,” Zoetis, https://online.zoetis.com/US/
EN/MSDS_PI/PI/Aureomix_500.pdf, accessed November 25, 2013.

3. Penicillin 100 (NADA 046-666) – evidence of marketing through 
an animal pharmaceutical company 

“Product inserts – Penicillin 100,” Zoetis, https://online.zoetis.com/
US/EN/contact/product_information/Pages/ProductInserts.aspx, 
accessed November 26, 2013.

“Material Safety Data Sheet,” Zoetis, https://online.zoetis.com/US/
EN/MSDS_PI/PI/Penicillin_100.pdf, accessed November 25, 2013.

4. Chloratet (NADA 048-480) – evidence of marketing through a 
supplier company

“PALS feed additives and medication products catalog” PALS 
USA, http://palsusa.com/files/PALSMedCatalog.pdf, last accessed 
November 21, 2013.

5. Terramycin (NADA 008-622) – evidence of marketing of the 
generic (ANADA 200-026) based on this NADA by a supplier 
company

“Supplemental Abbreviated New Animal Drug Application” 
Food and Drug Administration, http://www.fda.gov/downloads/
AnimalVeterinary/Products/ApprovedAnimalDrugProducts/
FOIADrugSummaries/ucm061570.pdf, last accessed on November 
24, 2013.

“Terramycin 343-soluble powder” Revival Animal Health, http://
www.revivalanimal.com/Terramycin-343-Soluble-Powder-Generic.
html, last accessed on November 25, 2013. 

6. Aureomycin NADA (48-761) – evidence of marketing by an 
animal pharmaceutical company

“Product insert - Aureomycin 50, 90, 100 Granular,” Zoetis, https://
online.zoetis.com/US/EN/contact/product_information/Pages/
ProductInserts.aspx, accessed November 25, 2013.

“Material Safety Data Sheet,” Zoetis, https://online.zoetis.com/
US/EN/MSDS_PI/PI/Aureomycin_50_90_100_Granular-swine.pdf, 
accessed November 25, 2013.

7. Pennox 100MR (NADA 138-938) – Evidence of marketing by a 
supplier

“Pennox 100MR – Product Description,” Feed Products and 
Company South, http://www.feedproducts.net/products/pennox-
100-MR.htm, accessed November 25, 2013.

“Pennox 100MR- Specifications,” Feed Products and Company 
South, last modified October 2010, http://www.feedproducts.net/
documents/Pennox100MR.pdf, accessed November 24, 2013.

8. CLTC (NADA 92-287) – Evidence of marketing by a supplier and 
by inclusion in a USDA risk management program

“CLTC-100 MR” Animart Dairy and Livestock solutions, http://www.
animart.com/store/cltc-100-mr-50lb-drum/, accessed November 24, 
2013.

“CLTC 100MR” Food Animal Residue Avoidance Databank, http://
www.farad.org/vetgram/ProductInfo.asp?byNada=092-287, 
accessed November 24, 2013.

9. Chlormax (NADA 46-669) – Evidence of marketing by an animal 
pharmaceutical company

“Product inserts – Chlormax,” Zoetishttps://online.zoetis.com/
US/EN/contact/product_information/Pages/ProductInserts.aspx, 
accessed November 25, 2013.

“Material Safety Data Sheet,” Zoetis, https://online.zoetis.com/
US/EN/PublishingImages/Poultry%20Literature%20Library/US-EN/
ChlorMax_Product_Profile_ZP130030_EN_Zoetis.pdf, accessed 
November 25, 2013.

Note: All products above are also listed by brand name in Feed 
Additive Compendium.
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Selection of correspondence between Center for 

Veterinary Medicine and sponsors on FDA review 

conclusions.

NADA 046-666
Excerpt from letter sent to sponsor: “The administrative record 
does not contain sufficient information to alleviate the Center 
[for Veterinary Medicine]’s concern about the use of your product 
and its possible role in the emergence and dissemination of 
antimicrobial resistance.”
Food and Drug Administration, Letter from FDA to Sponsor  
of NADA 046-666, May 26, 2004, Vol. III: FDA007516.
  
Excerpt from sponsor response: “[W]e wish to advise CVM of our 
strongly held view that these products, with the current claims, 
remain safe and effective…. The amendment to the FY 2001 
appropriation directed a review of previous approvals. It did not 
alter the standards applicable to withdrawing approval to allow 
withdrawal based on nonscientifically based precautionary grounds. 
We believe the agency should be able to separate the justifiable 
concerns related to the development of antibiotic resistant 
human pathogens and discern that [the sponsor’s] subtherapeutic 
penicillins are not the source of, or even a measurable contributor 
to, this public health issue.” 
Food and Drug Administration, Letter from Sponsor (of NADA  
046-666, 035-688 039-077, and 091-668) to FDA, October 22, 2004, 
Vol. III: FDA008180-2.iv Note: The sponsoring company sent the 
same letter as a response to FDA's letters regarding four separate 
NADAs.

NADA 046-668
Excerpt from letter sent to sponsor: “The administrative record 
does not contain sufficient information to alleviate the Center 
[for Veterinary Medicine]’s concern about the use of your product 
and its possible role in the emergence and dissemination of 
antimicrobial resistance.”
Food and Drug Administration, Letter from FDA to Sponsor of 
NADA 046-668, received May 26, 2004, Vol. III: FDA007518.

Excerpt from the sponsor response: “[The sponsor] has been 
unable to make a decision on how to proceed on this issue. 
Although [Center for Veterinary Medicine] did supply us with a copy 
of the presentation given at the meeting, very little information 
was presented on the hazard characterization. In addition, it would 
be helpful for us to see a more complete description of the risk 
assessment so that we can determine what additional data may be 
collected/supplied to help support a more thorough evaluation.”
Food and Drug Administration, Letter from Sponsor (of NADA  
046-668) to FDA, November 15, 2004, Vol. III: FDA008950.

NADAs 035-688, 039-077, 091-668
Excerpt from letter sent to sponsor: “The administrative record 
does not contain sufficient information to alleviate the Center 
[for Veterinary Medicine]’s concern about the use of your product 
and its possible role in the emergence and dissemination of 
antimicrobial resistance.”
Food and Drug Administration, Letter from FDA to Sponsor of 
NADA 035-688, 039-077, and 091-668, May 26, 2004, Vol. III: 
FDA007522.

Excerpt from sponsor response: … We wish to advise CVM of our 
strongly held view that these products, with the current claims, 
remain safe and effective… The amendment to the FY 2001 
appropriation directed a review of previous approvals. It did not 
alter the standards applicable to withdrawing approval to allow 
withdrawal based on nonscientifically based precautionary grounds. 
We believe the agency should be able to separate the justifiable 
concerns related to the development of antibiotic resistant 
human pathogens and discern that [the sponsor’s] subtherapeutic 
penicillins are not the source of, or even a measurable contributor 
to, this public health issue.” 
Food and Drug Administration, Letter from Sponsor (of NADA  
046-666, 035-688 039-077, and 091-668) to FDA, October 22, 2004, 
Vol. III: FDA008180-2.iv

NADA 138-934
Excerpt from letter sent to sponsor: “The administrative record 
does not contain sufficient information to alleviate the Center 
[for Veterinary Medicine]’s concern about the use of your product 
and its possible role in the emergence and dissemination of 
antimicrobial resistance.”
Food and Drug Administration, Letter from FDA to Sponsor  
of NADA 138-934, May 26, 2004, Vol. III: FDA007526.

Excerpt of FDA’s summary of the sponsor’s response: “The firm 
submitted a letter dated July 31, 2006 stating that they would 
remove the ‘growth promotion and increased feed efficiency’ 
indication from their label, as long as the other firms with the same 
product and indication did so as well…The firms also submitted 
(January 4, 2005) the results of a literature search… Specific 
information to address the data gaps in the microbial food safety 
assessment was not retrieved by the search terms used by the 
firm.” 
Food and Drug Administration, Microbial Food Safety Team  
(HFV-157), Brown Amendment Review of NADA 138-934,  
Vol. III: FDA004849-50

APPENDIX III
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for extended periods of time. We use “therapeutic” use to mean the use 
of antibiotics to treat sick animals or to control disease outbreaks in rare 
circumstances. FDA regulations refer to growth promotion and disease 
prevention uses as “subtherapeutic.” 21 C.F.R. § 558.15.

2 Penicillin-Containing Premixes Notice, 42 Fed. Reg. 43,772 (Aug. 
30, 1977); Tetracycline (Chlortetracycline and Oxytetracycline)-Containing 
Premixes; Opportunity for Hearing, 42 Fed. Reg. 56,264 (Oct. 21, 1977)
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here the statistic for all classes of antibiotics used in human medicine, 
and we have excluded ionophores. The commonly reported 80 percent 
statistic includes ionophores. 

4 B.Marshall and S. Levy, “Food animals and antimicrobials: Impacts 
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Method and Appendices endnotes

i For all of the antibiotic feed additives listed in this appendix, FDA 
did not have sufficient data to conduct a thorough risk assessment. 
However, for 18 antibiotic feed additives, it had sufficient information to 
carry out an abbreviated risk assessment. Even for these 18 additives, 
the assessment was more thorough for some additives than for 
others. “High risk” indicates that FDA scientists conducted a basic risk 
assessment. “High risk**” indicates that FDA conducted a more detailed 
assessment considering release, exposure, and consequence. See the 
following for example: Food and Drug Administration, Assessment of the 
Administrative Record using Guidance for Industry #152 – NADA 091-668, 
Vol. III, FDA004724-4730. For the other 12 additives, FDA concluded 
that it simply did not have sufficient information to be able to make any 
determination about risk. These additives are thus not shown to be safe.

ii *Two antibiotic products (NADA 055-060 and NADA 055-028) are not 
included in the 30 antibiotic feed additives discussed in the main text. 
#Three antibiotic products (NADA 065-496, 055-020, and 008-622) are 
additives approved for administration to animals for fewer than 14 days 
as indicated in Animal Drugs @ FDA database and the 1973 criteria may 
not be applicable.. (See main text for further information). Animal Drugs @ 
FDA database, http://www.accessdata.fda.gov/scripts/animaldrugsatfda/

iii Please note that the FDA database at AnimalDrugs@FDA (http://www.
accessdata.fda.gov/scripts/animaldrugsatfda/) lists NADA 103-758 as 
voluntarily withdrawn; however, the official “Green Book” does not.

iv Note that the same sponsor is associated with NADAs 046-666, 035-
688, 039-077, and 091-668. The sponsor sent only one letter in response 
to FDA’s concerns and comments on all four NADAs.
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When President Eisenhower signed the Food Additives Amendment of 1958, 
he established a regulatory program intended to restore public confidence 
that chemicalsa added to foods are safe. In the intervening 56 years, the basic 

structure of the law has changed little. However, the regulatory programs the U.S. Food 
and Drug Administration (FDA) established to implement the law have fallen behind over 
time as the agency strived to keep up with the explosion in the number and variety of 
chemicals in food, and to manage its huge workload with limited resources. 

EXECUTIVE SUMMARY

The 1958 law exempted from the formal, extended FDA 
approval process common food ingredients like vinegar 
and vegetable oil that are “generally recognized as safe” 
(GRAS). It may have appeared reasonable at the time, but 
that exemption has been stretched into a loophole that has 
swallowed the law. The exemption allows manufacturers to 
make safety determinations that the uses of their newest 
chemicals in food are safe without notifying the FDA. 
The agency’s attempts to limit these undisclosed GRAS 
determinations by asking industry to voluntarily inform 
the FDA about their chemicals are insufficient to ensure 
the safety of our food in today’s global marketplace with 
a complex food supply. Furthermore, no other developed 
country in the world has a system like GRAS to provide 
oversight of food ingredients.

Because of the apparent frequency with which companies 
make GRAS safety determinations without telling the FDA, 
NRDC undertook a study to better understand companies’ 
rationale for not participating in the agency’s volutnary 
notification program. First, we built a list of companies 
and the chemicals they market. Then we reviewed public 
records, company websites, and trade journals to identify 
additives that appear to be marketed in the U.S. pursuant to 
an undisclosed GRAS determination, i.e. without notification 
to the FDA. 

All told, we were able to identify 275 chemicalsa from 56 
companies that appear to be marketed for use in food based 

on undisclosed GRAS safety determinations. This is likely the 
tip of the iceberg—we previously published in an industry 
journal an estimate that there have been 1,000 such secret 
GRAS determinations.1 For each chemical we identified in 
this study, we did not find evidence that FDA had cleared 
them. 

In addition, using the Freedom of Information Act (FOIA), 
we obtained from the FDA copies of communications 
between the agency and companies who voluntarily sought 
agency review of their GRAS determinations. We found 
this glimpse into the review process shows that often the 
agency has had serious concerns about the safety of certain 
chemicals, and that companies sometimes make safety 
decisions with little understanding of the law or the science. 
As discussed later, companies found their chemicals safe 
for use in food despite potentially serious allergic reactions, 
interactions with common drugs, or proposed uses much 
greater than company-established safe doses. 

On those occasions when the FDA is asked to review 
a GRAS determination, the agency rejects or triggers 
withdrawal of about one in five notices. Moreover, the public 
has even less information about the many substances with 
GRAS determinations that are never submitted to the agency 
in the first place—and which may pose a much greater 
danger. It is often virtually impossible for the public to find 
out about the safety—or in many cases even the existence—
of these chemicals in our food. 

a We use the term “chemicals” to apply to the products sold by additive manufacturers. They may be individual substances or mixtures of substances. They are sometimes 
referred to as substances, additives, or ingredients, which, in reality, are all chemicals or mixtures of them. They may be extracted from natural products or synthesized from 
other chemicals.

“Generally Recognized as SECRET” rather than “Generally Recognized as SAFE” is a 
better name for the GRAS loophole that has allowed manufacturers to sanction the use  
of hundreds of chemicals in food that Americans eat every day.
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NRDC believes that “Generally Recognized as SECRET” 
rather than “Generally Recognized as SAFE” is a better 
name for the GRAS loophole. A chemical additive cannot 
be “generally recognized as safe” if its identity, chemical 
composition, and safety determination are not publicly 
disclosed. If the FDA does not know the identity of these 
chemicals and does not have documentation showing that 
they are safe to use in food, it cannot do its job.

In an increasingly global marketplace where many 
additives and foods are imported into the United States, this 
loophole presents an unsettling situation that undermines 
public confidence in the safety of food and calls into question 
whether the FDA is performing its duty to protect public 
health.

The problem is rooted in a law adopted in 1958 when 
Dwight Eisenhower was president and Elvis was drafted. It 
is time for the FDA and Congress to fix the problems. In the 
meantime, consumers need to demand that their grocery 
stores and their favorite brands sell only those food products 
with ingredients that the FDA has found to be safe.

GRAS: HOW THE LOOPHOLE 

SWALLOWED THE LAW 

Over the last five years, there have been many news stories 
about unsafe foods that have sickened people. There have 
been a few reports of acute health problems related to 
chemicals added to foods, such as energy drinks containing 
a mixture of caffeine and alcohol, or rice with excessive 
amounts of the vitamin niacin. But chemicals added to 
food are more likely to be associated with health problems 
that may appear after years of frequent food and beverage 
consumption. These problems are often chronic in nature. 
The FDA is unlikely to detect an adverse health effect (short 
of immediate serious injury) unless companies notify it about 
the chemical and its use in food. 

That is why Congress required that a chemical’s intentional 
use in food be determined to be safe prior to its entering 
the marketplace.3 In 1958 President Eisenhower signed the 
Food Additives Amendment to the Federal Food Drug and 

Cosmetic Act to address these concerns.4 The law presumed 
that a chemical intentionally added to food was potentially 
unsafe and required that no chemical be used without a 
“reasonable certainty in the minds of competent scientists 
that the substance is not harmful under the intended 
conditions of use.”5 Congress required food companies to file 
a “food additive petition” as the primary means by which to 
get an FDA approval of a chemical’s use in food. If the agency 
did propose to approve the chemical, it would inform the 
public and request comments before adopting a regulation 
allowing the use.6 The system was designed at a time when an 
estimated 800 chemical additives were in use, far fewer than 
the more than 10,000 allowed today.7,8 

“The next day, [notifier] called and asked 
whether [notifier] would have an option to 
withdraw the notice rather than receive 
a letter that the notice did not provide a 
basis for a GRAS determination. I replied 
that this was an option. On September 4, 
[notifier] asked whether [notifier] could still 
sell its [name] product if it withdrew its 
GRAS notice. Consistent with my response 
to her earlier question about marketing 
[name], I said yes.”9 
FDA officer summarizing telephone conversations with 
manufacturer regarding its GRAS notice review

Determining that a chemical’s use in food is and remains 
safe typically involves significant professional judgment. 
Rarely are these decisions clear cut; there is no bright line. 
So who decides is critical. Congress concluded that the FDA 
would make all safety decisions, except in the most obvious 
situations in which a chemical’s use in food was “generally 
recognized as safe.” This is known as the GRAS exemption. 
Examples include such common food ingredients as oil 
and vinegar. When a chemical’s use was determined to be 
GRAS, the FDA did not need to adopt a regulation specifically 
allowing its use, and the formal public notice and comment 
rulemaking process was not required.10 In other words, the 

“We cannot require anything, as this is a voluntary program and we don’t want to frighten 
anyone away. Having said that, we would typical [sic] tell any notifier that their submission 
would have to address the total dietary exposure from new and current uses, [h]ow else 
could you conclude that the uses were safe, without a notion of what total exposure is[?]”2 
FDA reviewer of GRAS determination submitted by manufacturer
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chemical didn’t need premarket approval by the agency, 
and manufacturers could use it without delay. To qualify as 
GRAS, a chemical’s safety had to be generally recognized by 
knowledgeable scientists, as borne out by published safety 
studies unless commonly and safely used before 1958.11 

However, the FDA and the food industry interpreted the 
law as allowing manufacturers to determine that a chemical’s 
use in food was safe without notifying the agency.12 As a 
result, the identity of the chemical and the foods in which 
it was being used could be unknown to the public and the 
agency. Since 1958, an estimated 1,000 chemicals have been 
determined as GRAS by manufacturers and have been used 
in food without any approval or review by the FDA.13 The 
exemption has become a loophole that has swallowed the 
law.

THE FDA’S ATTEMPTS TO  

LIMIT UNDISCLOSED INDUSTRY  

SAFETY DECISIONS

Recognizing the problem of undisclosed safety decisions, 
the FDA adopted regulations in 1972 inviting manufacturers 
to voluntarily submit “GRAS affirmation petitions” in a 
rulemaking process that was similar to the one for food 
additive petitions, but without statutory deadlines for 
action.14 Companies sought FDA’s approval, it appears, 
because their product would be more widely accepted by 
food manufacturers. 

By the early 1990s, confronted with limited resources and 
an increasingly complicated and time-consuming formal 
rulemaking process, the FDA faced an overwhelming backlog 
of unresolved reviews.15 In response, the agency proposed a 
rule in 1997 to replace the 1972 GRAS petition process with 
a less formal review process that did not involve adopting 
regulations for specific chemicals.16 The next year, the FDA 
began accepting voluntary notifications from the companies 
that summarized the safety evidence and issuing decision 
letters.17 In some cases, these decision letters are often cited 
by the companies as evidence of FDA clearance, although 
the agency maintains that the letters are informal and do not 
constitute approval. This process, however, largely cuts the 
public and outside experts out of meaningful participation in 
decision making. The proposed rule has never been finalized 
despite its wide use by industry and the FDA.18 Since 2000, 
almost all new chemicals have passed through the loophole 
rather than being subjected to the food additive petition 
process established by Congress in 1958. 

In 2010, the Government Accountability Office (GAO), the 
nonpartisan investigative arm of Congress, scrutinized the 
agency’s GRAS program and found serious shortcomings. It 
concluded that “FDA’s oversight process does not help ensure 
the safety of all new GRAS determinations” and that “FDA is 
not systematically ensuring the continued safety of current 
GRAS substances.”19 

Given these concerns, NRDC sought to identify examples 
of chemicals marketed pursuant to undisclosed GRAS safety 
determinations, procure such safety determinations from 
companies, and examine why companies choose to forgo 
even the voluntary FDA notification process.

CLAIMING GENERAL 

RECOGNITION WHILE AVOIDING 

DISCLOSURE 

As mentioned above, some 1,000 chemicals have been 
determined by manufacturers to be safe for use in food 
without FDA review or approval. Some of them, like artificial 
trans fat, were self-certified by industry as safe ingredients 
decades ago and are well known. 
 NRDC’s investigation focused on newer, less known 
chemicals marketed as GRAS for use in food in the United 
States since 1997. We looked at situations in which:

the manufacturer opted to rely on an undisclosed 
GRAS determination, without using the FDA’s voluntary 
notification process;

the manufacturer notified the FDA, and the agency 
subsequently rejected the company’s GRAS notice;

the manufacturer notified the FDA but subsequently 
withdrew its notice from FDA review. (We will discuss the 
problems with withdrawal of notices later.)

 Our investigation began with a list of companies and 
chemicals from three sources: 

the little-known (outside of the food additives industry) 
web-based “GRAS Self-Determination Inventory 
Database,” compiled by a consulting firm that makes GRAS 
safety determinations for industry;20 

consultants who provided company names based on their 
experience at food industry trade shows;

withdrawn or rejected notices in FDA’s GRAS Notice 
Inventory.21 
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b Where chemicals had similar names but different manufacturers, we treated them as separate chemicals. 

Overall, we identified 398 chemicals marketed by 163 
companies that appear to be marketed in the U.S. based on 
GRAS determinations not reviewed by FDA.b 

For each chemical, we sought a copy of the written 
documentation of the GRAS safety determination required by 
FDA’s regulations (21 CFR §170.30), which companies must 
have completed before marketing a product as GRAS. This 
documentation must provide the chemical composition of 
the substance, describe how it is made, estimate how much 
people are likely to consume (exposure), and describe what 
is known about the chemical’s potential hazards. Unless 
a chemical was commonly and safely used before 1958, 
the key studies evaluating the hazards ordinarily must be 
published, preferably in a peer review journal but the FDA 
does not exclude publication on a company’s website. While 
identifying a key study is helpful, it is not a substitute for 
providing the full safety determination. 

Where a company appeared to be marketing a chemical 
for use in the United States as GRAS without final FDA review, 
NRDC contacted the company to request a copy of the 

undisclosed safety determination. If the company declined 
or did not respond to our request, we classified the GRAS 
determination as “undisclosed”. Also, if the company did not 
provide us with a revised GRAS determination that addressed 
the FDA’s concerns after the agency rejected the company’s 
notice, or if the company withdrew its notice before the 
agency made a final decision, we considered the GRAS 
determination to be undisclosed.

“GENERALLY RECOGNIZED AS SECRET”

All told, 56 companies appear to rely on undisclosed GRAS 
safety determinations for 275 chemicals (Figure 1): 

35 companies selling 57 chemicals responded to 
our inquiries, but did not provide their GRAS safety 
determination (Table 1). 

21 companies selling 218 chemicals did not respond  
to our repeated inquiries (Table 2).

UNDISCLOSED GRAS DETERMINATIONS MADE BY 56 COMPANIES FOR 275 CHEMICALS

Figure 1: Process to Identify and Evaluate Companies and Chemicals

IDENTIFIED 163 

COMPANIES AND  

398 CHEMICALS  

FROM 3 RESOURCES:

www.aibmr.com  
(94 companies,  
134 chemicals)

Consultants  
(3 companies,  
193 chemicals) 

Notices to the FDA  
that were withdrawn  
or rejected  
(66 companies,  
71 chemicals)

CONCLUDED THAT 

DETERMINATIONS BY 107 

COMPANIES FOR 123 CHEMICALS 

WERE UNDISCLOSED BECAUSE:

Product appears not to be  
used in food: 50 companies  
for 60 chemicals

FDA appears to have reviewed  
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if NRDC  
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for 218 chemicals  
(Table 2)
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Table 1: Companies with undisclosed GRAS determinations that responded to NRDC

Company Country
No. of 

Chemicals

Declined 

Requests

Only if  

Confidential

Only Gave 

Studies

No  

Follow-up

Albion USA 2 Yes Yes

Aloecorp Korea 1 Yes

BASF Germany 2 Yes

BioCell Technology USA 1 Yes

Bioriginal Canada 1 Yes Yes Yes

ChromaDex USA 1 Yes

Cyvex Nutrition USA 3 Yes

DSM Netherlands 8 Yes

Embria Health Sciences USA 1 Yes

ESM Technologies USA 1 Yes Yes

Frutarom Health Israel 1 Yes

Genosa Spain 1 Yes

GTC Nutrition USA 1 Yes

HG&H Pharmaceuticals (Pty) Ltd. South Africa 1 Yes

House Wellness Foods Japan 1 Yes

InterHealth Nutraceuticals USA 4 Yes

Ixoreal Biomed India 1 Yes

Jungbunzlauer Switzerland 1 Yes

Kaneka Japan 1 Yes Yes

Kemin USA 1 Yes

Lonza Switzerland 1 Yes

Merck Eprova AG Germany 1 Yes Yes

NattoPharma Norway 1 Yes

NuLiv Science USA 1 Yes Yes

NutraGenesis USA 4 Yes

P.L. Thomas USA 1 Yes

PhenoFarm Italy 1 Yes

RIBUS USA 1 Yes

Sabinsa Corporation USA 5 Yes

SoluBlend Technologies USA 1 Yes Yes

Stepan Netherlands 1 Yes

Trace Minerals Research USA 1 Yes Yes

TSI Health Sciences USA 1 Yes Yes

Unibar USA 1 Yes

Verdure Sciences Trim USA 1 Yes Yes

Totals 35 companies 57 24 4 7 11
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The 35 companies that responded but did not provide us 
with their GRAS determinations fit into the following four 
categories:

13 companies provided us only with assurances that their 
chemicals were safe and complied with the law. 

4 companies were willing to share the documentation only 
if NRDC signed a confidentiality agreement, which we 
declined to do.

7 companies declined to provide the GRAS determination 
but identified a published toxicology study that supported 
their analysis without providing the additional information 
such as exposure calculations and product composition 
needed to evaluate the safety.

11 companies acknowledged the inquiry but did not follow 
through.

The remaining 107 companies selling 123 chemicals fell  
into three general categories: 

50 companies did not appear to market their chemicals  
for use in food in the United States.c 

54 companies that withdrew notices to the FDA later 
submitted revised notices and received a final review  
by the agency confirming product safety.

3 companies provided NRDC with a copy of their GRAS 
determination without requiring confidentiality. 

Figure 2 summarizes our findings. Of the 163 companies we 
reviewed, 56, or 34 percent, appear to rely on undisclosed 
GRAS determinations.

UNDISCLOSED SAFETY DETERMINATIONS:  

NOT JUST U.S. COMPANIES

As stated earlier, no other developed country in the world has 
a system like GRAS for food ingredients.22 On the basis of each 
company’s website and communications, NRDC identified 
the home country of the 56 companies with undisclosed 
GRAS determinations. See Tables 1 and 2. Figure 3 provides 
the results by region. 

Fifty-six percent of the companies are from the United 
States, and 44 percent are based outside the country. This 
distribution is similar to what one might see at a typical  
food expo.

WHY DID COMPANIES FORGO 

FDA REVIEW?

About 20 companies provided explanations for why they 
decided not to submit a voluntary notification to the FDA. 
These can be distilled into the following categories:

Concerns about too much FDA transparency. The most 
common concern was the FDA’s routine posting of GRAS 
safety determinations to its website. These companies said 
they were worried that easy access to information about 
product composition and the manufacturing process 
would enable competitors to develop identical or similar 
chemicals and would simplify the competition’s own GRAS 
determinations. 

Concerns about FDA delays. Several companies claimed 
they did not want to wait for the FDA to make a decision, 
even though the agency explicitly allows the use and 
marketing of a chemical while a review is under way. 

“In other words, if a panel of experts 
reviews data that are not publicly available 
and subsequently renders an opinion 
regarding safety, even if the experts are 
well-recognized, the opinion does not meet 
the general recognition of safety for GRAS 
ingredients because the data were not 
publicly available.”23 
FDA reviewer of GRAS notice

c  Either these chemicals appear to be used only in dietary supplements and not food, or we could not find an active website for the company or the chemical, or 
the chemicals appear to be marketed only overseas.
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 Desire to keep investment low. Submitting a GRAS 
determination to FDA typically means additional work 
whether by company employees or a consultant doing 
the analysis. The agency asks many questions that must 
be answered. Often there are meetings with the agency. 
We found that almost all of the chemicals NRDC reviewed 
were also ingredients in dietary supplements and 
served no essential purpose in food other than to attract 
consumers’ attention. Several companies indicated that 
a GRAS determination sometimes is done in connection 
with a test of the food market for a chemical previously 
used only as a dietary supplement ingredient, thus 
minimizing the investment in an unproven market by 
opting out of the FDA review process.

 Wish to avoid new dietary ingredient review: The 
Dietary Supplement Health and Education Act of 1994 
(DSHEA) requires manufacturers to notify FDA about 
dietary ingredients that either were not on the market 
before 1994 or whose use in food is not GRAS. Several 
dietary supplement manufacturers appear to be making 
a GRAS determination to avoid having to notify the FDA 
under both DSHEA and the Food Additives Amendment of 
1958. 

 Misunderstanding of the law: Some companies 
apparently did not understand the requirements for a 
GRAS determination. It appears that they did not realize 
that the determination must be written, that safety 
information must be drawn from published scientific 
studies, or that “generally recognized as safe” means more 
than obtaining the opinion an employee or consultant. 
Others apparently believed that an independent panel 
of experts was required even though the FDA states that 
no panel is needed.24 Finally, some companies appeared 
not to understand the difference between an efficacy 
study, which determines whether a chemical is effective 
in addressing a health problem, and a toxicology study, 
which evaluates whether a chemical may cause harm. The 
scope of most efficacy studies falls far short of an adequate 
toxicology study. 

Figure 2: Undisclosed vs. Resolved GRAS Determinations

34%UNDISCLOSED RESOLVED66%

Figure 3: Undisclosed GRAS Determinations  

by Company’s Region
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FDA REVIEWS OF NOTICES 

REVEALED TROUBLING RISKS

As described earlier, companies may voluntarily submit 
GRAS notices (which contain the GRAS safety determination) 
to FDA seeking the agency’s agreement with their safety 
determination, and when they do, the agency posts these 
notices on its website. We reviewed the quality of the 
industry’s notices and identified three, still under review by 
the FDA as of September 2013 (listed as “pending” on the 
FDA site), that appeared to be poorly done. They were GRN 
No. 466 for polyglycerol polyricinoleic acid by McCormick 
and Co., GRN No. 471 for annatto seed extract by DeltaGold, 
and GRN No. 474 for Bioperine by Sabinsa Corp.25,26,27 All three 
had the same weaknesses: limited toxicology data, poor or 
inadequate exposure assessment, and lack of consideration 
of children’s exposures. For each we submitted to the FDA 
detailed comments on the shortcomings of the safety 
determinations.28 See www.nrdc.org/food/safety-loophole-
for-chemicals-in-food.asp.

If the FDA rejects a GRAS notice, it explains its safety 
concerns in a letter to the company and publishes the letter 
on the agency’s website. But when a company withdraws 
a notice and asks FDA to stop further review, the agency 
issues a letter confirming the withdrawal without publicly 
explaining any of the concerns that could have prompted the 
withdrawal. The withdrawal does not prevent the company 
from continuing to market the product for use in food.

Between 1998 and the end of February 2014, the FDA 
rejected 17 out of 466 notices submitted to the agency; 
another 32 are still pending. During that time, 80 notices were 
withdrawn by the companies. For notices no longer pending, 
one out of five were either withdrawn or rejected.29 

After analyzing the poor quality of notices and the 
number of withdrawn notices, NRDC filed a FOIA request 
for communications between the FDA and manufacturers 
for 20 GRAS notifications. We chose notices for chemicals 
whose use in food we were able to document through a 
commercial database30 that provides product information 
for more than 200,000 food products; and the notices were 
submitted throughout the length of the program, starting 
in 1998. Sixteen of these notices were withdrawn, several 
of them multiple times. Although interested primarily in 
understanding what concerns raised by FDA prompted 
manufacturers to ask the agency to stop reviewing the 
notices, we also included two notices that the agency rejected 
and two that FDA accepted as sufficient, issuing what is 
known as a “no questions” letter. To see the FDA’s FOIA 
response, go to www.nrdc.org/food/safety-loophole-for-
chemicals-in-food.asp.

The FOIA documents reveal that the FDA does carefully 
review the notifications and asks tough questions. The 
agency’s reviews often raise serious safety concerns or 
reveal that the company’s scientific analysis is flawed or 
inconsistent with the law. Often the FDA tells the company 
that it will reject a notice if it is not voluntarily withdrawn. 
If rejected, food manufacturers would be more reluctant to 
buy the product since FDA posts its rejection letter and its 
reasoning on its website.

The following are examples of four withdrawn 
GRAS notices and our summary of the back-and-forth 
communications between the FDA and manufacturers. 
Despite the safety concerns, these chemicals have been  
listed as an ingredient in some food products: 

Epigallocatechin-3-gallate (EGCG): 
A Japanese company declared this chemical to be GRAS for 
use in beverages including teas, sport drinks, and juices, 
despite evidence it may cause leukemia in fetuses based on 
studies using newborn and adult human cells grown on a 
dish.31 Moreover, the company did not address a short-term 
study on rats showing it affected the thyroid, testis, spleen, 
pituitary, liver, and gastrointestinal tract. The notice did 
not explain potentially dangerous interactions with sodium 
nitrite, a common preservative, or with acetaminophen 
(the active ingredient in Tylenol® and many other over the 
counter pain-killers).32 The company withdrew the notice, 
resubmitted it, but withdrew that one as well.33 In response to 
our inquiries, the company assured us it was not marketing 
the product in the United States. However, two other 
companies, DSM and Kemin, appear to market chemicals 
high in EGCG in the United States pursuant to undisclosed 
GRAS determinations (Table 1). We identified more than 25 
food products with EGCG as a named ingredient. 

Gamma-amino butyric acid (GABA): 
A Japanese company declared this neurotransmitter to be 
GRAS for use in beverages, chewing gum, coffee, tea, and 
candy.34 It did so despite having estimated exposure well 
in excess of what the company considered safe, relying on 
unpublished safety studies, providing the specifications in 
Japanese, and failing to consider existing exposures.35 The 
company told NRDC that it withdrew the notice “from a 
business perspective” and was selling the product in the 
United States only as an ingredient in a dietary supplement. 
It also indicated that it would not use the chemical in food 
without an FDA final review. We identified five food products 
with GABA as a named ingredient. These products included 
bottled tea and nutrition bars. 
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Sweet lupin protein, fiber, and flour: 
An Australian firm declared these chemicals to be GRAS 
for use in baked goods, dairy products, gelatin, meats, and 
candy, despite concerns that the chemicals would cause 
allergic reactions in those with peanut allergies.36 The 
FDA noted that a warning label for sweet lupin would be 
insufficient to alert consumers who suffered from peanut 
allergies.37 The company did not respond to our inquiries and 
we could not find evidence that the company was marketing 
the product in the U.S. However, sweet lupin was a listed 
ingredient in more than 20 food products, none of which 
appear to bear any warning to those allergic to peanuts. 

Theobromine: 
A U.S. firm declared it to be GRAS for use in bread, cereal, 
beverages, chewing gum, tea, soy milk, gelatin, candy, and 
yogurt and fruit smoothies, despite having an estimated 
consumption rate more than five times the safe consumption 
level reported by the company’s consultant.38 In addition, the 
manufacturer did not provide convincing explanations for 
the testicular degeneration in rats and rabbits and delayed 
bone formation in rats that were seen in animal studies of 
theobromine.39 The FDA was especially concerned that the 
product would be used in baby food.40 The company did 
not respond to our inquiries. Although we don’t know the 
provider, theobromine was a named ingredient in more than 
20 food products, including isotonic waters, nutrition bars, 
and diet foods. Fortunately, from what we could tell, none 
appeared in baby food. 

 The evidence from these FOIA responses makes it clear: 
the FDA’s review adds value, and many companies’ GRAS 
safety determinations are seriously flawed. The agency 
should make its concerns publicly available when companies 
withdraw their notices. Chemicals that, at least in some 
instances, prompted the FDA to raise safety concerns are 
used as ingredients in our food supply, and consumers are 
unprotected from their health effects. 

Table 2: Companies with undisclosed GRAS determinations  

that did not respond to NRDC* 

Company Country

No. of 

Chemicals

ADM USA 1

AHD International USA 1

Ametis JSC Russia 1

Applied Food Sciences USA 2

CBC Group USA 1

Davos Life Sciences Singapore 1

FutureCeuticals USA 1

Gencor Pacific USA 1

Hamari Chemicals Japan 1

Hanzhong TRG Biotech China 32

Horizon Science USA 1

Kyowa Hakko USA 2

Laurus Labs India 1

Naturex Canada 4

Nexira France 1

NutraMax China 154

Oxis International USA 1

Skyherb China 7

Terry Laboratories USA 1

Triarco Industries USA 2

Ventria Bioscience USA 2

Totals 21 companies 218 chemicals

*In each case, we confirmed that we had either a: 1) confirmation from the company’s 
website that the webform was accepted; or 2) valid email address from website 
because we did not get a notice from the company’s email server that the email had 
bounced or was not deliverable.
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MANY GRAS CHEMICALS  

BEGAN AS DIETARY 

SUPPLEMENT INGREDIENTS 

Most of the GRAS chemicals NRDC examined were primarily 
marketed as “active” ingredients in dietary supplements. The 
availability of the GRAS loophole allows for the expansion of 
the market for such into conventional foods with claims that 
they made food “better for you.” The chemicals were often 
extracts of plants or highly purified or synthetic versions of 
the biologically active chemicals in those extracts, such as 
antioxidants, which were purported to have possible health 
benefits. 

Since the Dietary Supplement Health and Education Act of 
199441, when Congress created separate, less rigorous safety 
standards for dietary supplements under DSHEA, there has 
been an explosion of these products. Ingredients allowed in 
dietary supplements are not necessarily safe when used in 
conventional food. 
 A product may be a natural extract or a highly purified 
version of one, but that does not necessarily mean it is safe. 
In 2014, the FDA recognized the safety threat when it issued 
guidance regarding substances added to foods, including 
beverages and dietary supplements.42 The agency stated: 

 “We have seen a growth in the marketplace of beverages and 
other conventional foods that contain novel substances, 
such as added botanical ingredients or their extracts. 
Some of these substances have not previously been used in 
conventional foods and may be unapproved food additives. 
Other substances that have been present in the food supply 
for many years are now being added to beverages and other 
conventional foods at levels in excess of their traditional use 
levels, or in new beverages or other conventional foods. This 
trend raises questions regarding whether these new uses are 
unapproved food additive uses.”43

It is likely that had the FDA reviewed the undisclosed GRAS 
determinations, it would have found some to be unapproved 
food additives. 

THE SYSTEM IS BROKEN AND 

PLAGUED WITH CONFLICTS  

OF INTEREST 

When the FDA reviewed GRAS determinations made by 
manufacturers, the agency found flaws with one in five, 
based on the number of notices rejected or withdrawn prior 
to a final decision.44 These notices presumably were those 
in which the manufacturer’s had the most confidence, since 
the manufacturers voluntarily submitted them for agency 
scrutiny. 

Food manufacturers are ultimately responsible for the 
safety of the food they make. However, in today’s highly 
competitive global marketplace, there are strong economic 
incentives to minimize expenditures, which may lead to 
insufficiently-justified decisions. Our understanding of the 
health effects of many of the more than 10,000 chemicals 
allowed in food is far from complete, and as the number 
grows over time, concerns grow as well. For example, some 
manufacturers still consider trans fats to be GRAS despite 
the FDA’s concluding that it causes eight deaths a day in 
the United States and that if it were banned from food, 
our country would realize more than $117 billion in health 
benefits including reduced healthcare costs over 20 years.45 

Here is another issue of serious concern. For years, 
companies have used their own employees or hired 
consultants to evaluate their chemicals’ safety and then 
relied on such undisclosed safety determinations to market 
their products for use in food. This raises serious conflict-
of-interest concerns because a company’s financial benefit 
from selling a particular product can bias its employees’ or 
contractors’ judgment.46 The lack of independent review 
in GRAS determinations compromises the integrity of the 
process and calls into question whether it can effectively 
ensure the safety of the food supply.47

The FDA has acknowledged that a company’s potential 
legal liability and its interest in protecting its brand are 
insufficient to ensure that food is safe.48 In 2013 the agency 
said, “Because the demand for many manufactured or 
processed foods may not be sufficiently affected by safety 
considerations, incentives to invest in safety measures from 
farm to fork is diminished. Consequently, the market may not 
provide the incentives necessary for optimal food safety.”49 
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“Even in cases where consumers are aware that their illness 
was contracted from a specific food,” the FDA explained, “it is 
often difficult to determine who is ultimately responsible for 
their illness, since the particular source of contamination is 
not known in many circumstances.”50 It concluded that “it is 
unlikely that the existence of brands in the food sector creates 
the optimal level of safety for society.”51

As the Institute of Medicine explained in the context 
of medical safety, conflicts of interest can result in bad 
decisions.52 Similarly, undisclosed safety determinations 
affecting the food that Americans eat may be undermining 
public health. Without FDA and public scrutiny—as Congress 
intended that there be—we cannot be confident in the safety 
of chemicals added to food. 

CONCLUSIONS

A chemical additive cannot be “generally recognized as 
safe” if its identity, chemical composition, and safety 
determination are not publicly disclosed. Congress never 
intended that almost all new food chemicals would pass 
through the GRAS loophole without formal agency review 
and approval. The law places responsibility on FDA to ensure 
that food additive petitions are submitted for additives 
without general recognition of safety and to ensure that 
manufacturers’ GRAS determinations are properly made. If 
the FDA does not know the identity of these chemicals and 
does not have documentation showing that their uses in food 
are safe, it cannot not do its job. 

In an increasingly global marketplace where many 
additives and foods are imported into the United States, this 
loophole presents an unsettling situation that undermines 
public confidence in the safety of food and calls into question 
whether the FDA is performing its duty to protect public 
health. Until conflicts of interest are minimized and safety 
decisions are subject to mandatory FDA review, the safety 
of chemicals in food will depend largely on the integrity 
and competence of food manufacturers. That is not in the 
public’s best interest, because manufacturers have a financial 
incentive that may bias their judgment about an additive’s 
safety. 

When consumers buy dietary supplements, they make a 
choice to consume chemicals that the FDA has not reviewed 
for safety. Indeed, under the law, consumers must be told that 
FDA has not reviewed the health claims made for ingredients 
in dietary supplements. As a result, dietary supplements 
carry labels disclosing that they have not been reviewed for 
safety by the FDA. However, when buying food, consumers 
can’t make informed choices because they don’t know 
which ones contain reviewed chemicals or which contain 
substances not reviewed by the FDA for safety. There are no 
warning labels. There is no disclosure. As a consequence, they 
may unknowingly be putting their health at risk. The current 
processes allowing this to occur should be addressed and 
changed to better protect the health of the American public. 

NRDC’S RECOMMENDATIONS

The problems identified in this report are rooted in a law 
adopted more than a half century ago. Ultimately, Congress 
needs to fix these problems. Until it does, the FDA should 
implement the recommendations made by the GAO in 
2010 including strictly limiting conflicts of interests and 
requiring that the FDA be informed of GRAS determinations 
so it can confirm that the chemical’s use in food is generally 
recognized as safe. The agency should also make its concerns 
with all notices it reviews, even those that are withdrawn, 
publicly available.

In the meantime, consumers should demand that their 
grocery stores and their favorite brands sell only food 
products with ingredients that the FDA has found safe, and 
call on the FDA and Congress to make the necessary changes 
to better ensure that food consumed in the U.S. is safe.
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��xh_ẑ̀r�̀l�jĝz�c_ĵfuh�ciihc_z�̂r�i_̂rj�̀r��i_̂u���q�����q�̀r�tc{h�����̀l�jgh�nho�p̀_a�hk̂ĵ̀r�ôjg�jgh�ghckûrh��tucr�j̀��̀ z̀hr��m̂zẑ̀r��̂m̂jz�ŵziejhz

vcûl̀_r̂c�z��̂{gj�j̀�}hj��jz��or



 

 

 

 

 

 

 

 

 

ATTACHMENT 24 



��������� ��	
������������������������������� ������������!�"#�"�����$$������!%�& ���'%������$$�((()����(�)���

���"����((()����(�)�����#���(�#�����#����������*'�*����#��+,�!(�#�-�"�.�����.� �! ���


���/�01�2�	3��3�245�031��36	23��3
�3���

789:8�;<=>?8=�@;A

BAC:>DE�>F=�G>?>�BA>D?CD8H�B@ICDE


�� ���#������(�!�(����������!� #�����%���(�(�����������������(����(�����(������%�"������#����� #� "������"����!)

�!� ������ #������!� ��#����#���������� #� "������"�������)

042���J�1	��	��


������������������K��������� ��������������������������������� ������������!�"#�"�����������������2������)��L)�2������)��L

MNO�DP>FQ8H�=8?>CIH�@R�R;8I�8RRCDC8FDE�<A@<@H>I

N>SCF8�T@H8I@UV�WXW�Y8UH�A8<@A?8A

Z[\]̂_̀abc�defbghi�j[fa�ki�lmno


����������� �����������#���,�!��������������"#�"�������#�#�L�������������#�# ���%���� ���#$���$#���#�#�� ����#!

K�L����������K����������#K�#�"�#�������������#��L��#���p��,)


����������� ������������������K��������� ������""��#�������L�������������������������������������"#�"����

�#�K��q0���������3������������(�!�
#�����������!�0�K�����#���������r#���!)


���"#�"����������(�ICH?8=����2������)��L����s����$�����������5��#�t�#"�#����0L�#����r ��������K!

������#�������/����$1 �!�6�������4#����� ���4����K��������������#��)s

q#�L�� ��!%�����"#�"�����(�����������������������������������K�����#�����u���"#����#�� ����#!�"�������sq�������#

t�#�����/�����
# �,�t�#"�#����0L�#����r ��������K!�������#����5������$���v)s

�������p����#�L��(��������"#�"����%����p��K�����L����p�����#�" p������KK���%������������(����������

� pK���������
� #���!�wxyzz{|}yz%���!�*�~)�2������)��L���#L������������#����� �������������� �����# ��K�,����

��#������L�#�K���)

7���W��M��W



��������� ��	
������������������������������� ������������!�"#�"�����$$������!%�& ���'%������$$�((()����(�)���

���"����((()����(�)�����#���(�#�����#����������*'�*����#��+,�!(�#�-�"�.�����.� �! ���

/012345627284

9
���:�"�#�;�������
#���"�#������� "�������������������� #��!���;������� #����!�#������������������������"#�"����

# ��)�
����������� ���;;��������##������;����,���#��##�#� "�����#������#!%9����"�,��;�����#�����< ����������������

���<��,�#� ��)

� ���� #���������������������� ����"��,��������� <��������������"#�"����)

�=>�����?�
�>���@��<���������$��""����<� ������"#�"����A��� <�������(�������� ���#�����������#������#�����!

#�@��()�>���=>��"�,��(�;���"#�@�� ��!�������B��?�(�%�9>������#�!������� ������=>A��>"#��������C����

:���#;�������%��=>�����(�#,���(����?�
�>������@���"���D�����"#�"�����# ������������# �������<��������������

��#�����#�����!�#�@��()������������"#�����������;"����%�(��(��������"#�@������;;�������# ���� ���#�����

����#�����!�#�@��()9

�� #������;����#�(��������;����#%���(�@�#%�EFGH�I� ��#�����������"#�"�����(����� ����������#�����������#����@��%����

����"#���##����"�����(����<������#��J��� ��������;!���#���������������@������#� �������)

=� ����������%���������������#�@����"#����������#���@����!�(��������>;�#�����K ���>����������%�����������������

���I������)��@��""��#���������#;�������#�"�#��)

9	�����,���������������%�"�#��"���@��������#;%�����# ;�#�������������,���<� �������<�������@�#!�<#����#���<��,%9

�������������%�(�����������������(����������@�#�����(��,���)


�������A��������#�����;���<��#@�#����@���������������������I������)��@)�	��>"#��%��������#�����������������;��������

���(��������#�L �#���#�@��(��������=>���������# ���(������������������!�<���#���=>�>�;�����#���#�������=# ���

����������MNOPPQRSOP%�>"#����TU)

9
��#���#��L ���������<� ������#����<����!���������#������#�;�I������)��@%9��������������)�9���������A�����#���

�������A�"#�"����%����!�������������������<��,����������;"������)���#�%����!A#���������������������������

"#�"����)9

��������%�9����A��������������#�+�
�������� ""��������<����"#��������������� ��������#�����!�#�@��(���������(�

" <����"�#����"�����)�	�����;����������������"���������!%����#�������;�������������������#�� �������������������(��������

"#�����)9

�=>�����?�
�>�����A��#��"�������#�L �������#���;;���������;�#����)


(����#��VWXYZ[\]F̂\GF_� �;�����W]F̂\GF_V\\[\_̂ [̀\E

ab2�2662845cd�82e6�fg3�2823hi�j�28153g87284�k3gf2665g8cd6

l��mm�$�������@�#��;����B����#�!�= <�������%�KKn���=#�@��!�����:����=#��������=����!����������"���n���������



 

 

 

 

 

 

 

 

 

ATTACHMENT 25 



��������� ��	
��
���
����
��
���������
���������
�������
���������
�
���
���
�
���
 ���������
����

���!�"�����#����������!���#�����������������������������!������������������������������������������$�����%��&����'������������(�'(����'��() ��(

*+,
-./+012341
54/3

6,.73+
8
9:0,1:,

;5<
34
=477
>.:?
:.=
,@0//041/
/3.1A.=A/B
+.1A012
.C34@.?,=/
.
>02
D01

>E
FC70,3
;07G,=01
.1A
H=.AE
I,110/
<G=07
J
K;@.07
3+,
.C3+4=

;1L0=41@,13.7
5=43,:3041
<2,1:E
<A@010/3=.34=
9:433
5=C033
.114C1:,A
M41A.E
3+.3
+,
D4C7A
=,L4?,
N>.@.O,=.
/3.1A.=A/

=,PC0=012
:.=/
.1A
702+3
3=C:?/
/47A
01
3+,
Q103,A
93.3,/
34
.L,=.2,
@4=,
3+.1
RS
@07,/
G,=
2.7741
>E
JSJRB
.
@4L,
3+.3
:4C7A

:+.12,
3+,
:4@G4/03041
4T
3+,
1.3041U/
.C34
T7,,3
T4=
E,.=/V

*+,
GC/+
34
=,D=03,
3+,
T0=/3
:.=>41
70@03/
41
:.=
/
.1A
9QW/B
D+0:+
:.@,
4C3
4T
.1
.2=,,@,13
.@412
T,A,=.7
4TT0:0.7/B

.C34@.?,=/
.1A
3+,
/3.3,
4T
X.70T4=10.B
0/
/C=,
34
/G.=?
@.Y4=
G47030:.7
.1A
7,2.7
>.337,/V

X.70T4=10.
+./
.C3+4=03E
C1A,=
3+,
X7,.1
<0=
<:3
34
/,3
03/
4D1
,@0//041/
70@03/B
.1A
03
+./
3+=,.3,1,A
34
/C,
0T
03/
D.0L,=
0/

=,L4?,A
.1A
03
0/
>74:?,A
T=4@
0@G4/012
/3=0:3,=
3.=2,3/V
9C:+
.
T02+3
+./
>=4.A
0@G70:.3041/B
>,:.C/,
ZJ
43+,=
/3.3,/B

=,G=,/,13012
@4=,
3+.1
.
3+0=A
4T
3+,
:4C13=EU/
.C34
@.=?,3B
T4774D
X.70T4=10.U/
/3.1A.=A/V

5=C033U/
A,:0/041
=,T7,:3/
3+,
G4D,=
4T
3+,
.C34
01AC/3=EB
D+0:+
./?,A
+0@
34
=,L0/03
3+,
N>.@.
.A@010/3=.3041U/
=,L0,D
4T
3+,

@4A,7
E,.=/
JSJJOJSJR
TC,7O,TT0:0,1:E
3.=2,3/
YC/3
A.E/
.T3,=
+,
344?
4TT0:,V
5=,/0A,13
*=C@G
347A
.C34D4=?,=/
01
I,3=403
7./3

E,.=
3+.3
+,
D./
A,3,=@01,A
34
=477
>.:?
3+,
,@0//041/
=C7,/
./
G.=3
4T
.
>022,=
,TT4=3
34
YC@GO/3.=3
3+,
1.3041U/
:.=
01AC/3=EV

[*+,
N>.@.
.A@010/3=.3041U/
A,3,=@01.3041
D./
D=412B\
5=C033
/.0A
01
.
/3.3,@,13V
[N>.@.U/
;5<
:C3
3+,
M0A3,=@
;L.7C.3041

G=4:,//
/+4=3
D03+
G47030:.77E
:+.=2,A
,]G,A0,1:EB
@.A,
.//C@G3041/
.>4C3
3+,
/3.1A.=A/
3+.3
A0A1U3
:4@G4=3
D03+
=,.703EB
.1A

/,3
3+,
/3.1A.=A/
344
+02+V\

5=C033
A0A
143
/G,:0TE
D+.3
70@03/
D4C7A
>,
GC3
01
G7.:,B
/.E012
3+,
;5<
.1A
3+,
̂.3041.7
602+D.E
*=.TT0:
9.T,3E
<A@010/3=.3041

D4C7A
,/3.>70/+
.
/3.1A.=A
3+.3
[.774D/
.C34
@.1CT.:3C=,=/
34
@.?,
:.=/
3+.3
G,4G7,
>43+
D.13
.1A
:.1
.TT4=A
_
D+07,
/3077

,]G.1A012
,1L0=41@,13.7
.1A
/.T,3E
>,1,T03/
4T
1,D,=
:.=/V\
*+,
.2,1:E
/.0A
+,
0/
/3077
:41/0A,=012
3+,
/3.3C/
4T
X.70T4=10.U/

D.0L,=V



��������� ��	
��
���
����
��
���������
���������
�������
���������
�
���
���
�
���
 ���������
����

���!�"�����#����������!���#�����������������������������!������������������������������������������$�����%��&����'������������(�'(����'��() ��(

*++,-,./0
,1
23.2
02.24
,5546,.24/7
48-9:,.246
234
64-,0,91;

<=3,0
,0
.
>9/,2,-.//7
592,?.246
4++9:2
29
@4.A41
-/4.1
?43,-/4
02.16.:60
@,23
19
69-B5412.2,91C
4?,641-4
9:
/.@
29
D.-A
B>
23.2

64-,0,91CE
F.:7
G,-39/0C
34.6
9+
234
H./,+9:1,.
I,:
J409B:-40
K9.:6C
0.,6
,1
.
02.245412;
L34
.:MB46
23.2
234
59?4
@9B/6

<6459/,03E
234
1.2,91N0
03,+2
29@.:6
-/4.14:
-.:0
.16
23.2
<OPIN0
.-2,91C
,+
,5>/4541246C
@,//
@9:041
>49>/4N0
34./23
@,23

64M:.646
.,:
QB./,27
.16
B164:5,14
:4MB/.29:7
-4:2.,127
+9:
.B295.A4:0;E

G,-39/0
./09
3,1246
.2
.
>92412,./
/4M./
+,M32
29
-954;

<=3,0
64-,0,91
2.A40
234
R;L;
.B29
,16B02:7
D.-A@.:6C
.16
@4
@,//
?,M9:9B0/7
64+416
234
48,02,1M
-/4.1
?43,-/4
02.16.:60
.16

+,M32
29
>:404:?4
914
1.2,91./
-/4.1
?43,-/4
>:9M:.5CE
034
0.,6;
=34
OPIN0
64-,0,91
<-3.1M40
1923,1M
,1
H./,+9:1,.
.16
234
ST

9234:
02.240
@,23
-/4.1U-.:
:B/40
23.2
:46B-4
45,00,910
.16
,5>:9?4
M.0
5,/4.M4
V
23904
:B/40
:45.,1
,1
>/.-4;E

=34
4++,-,41-7
M.,10
23.2
234
R;L;
.B29
+/442
3.0
5.64
,1
:4-412
64-.640
3.?4
0/9@46
0,1-4
TWSXC
.0
M.0
>:,-40
6,>>46
.16
234

0./4
9+
>,-AB>
2:B-A0
.16
LRY0
.--4/4:.246;
Z1
234
69-B5412
P:B,22
0,M146
F916.7C
34
0.,6
234
OPI
3.6
D441
<9>2,5,02,-
,1
,20

.00B5>2,910
.16
>:9[4-2,910E
.D9B2
234
.?.,/.D,/,27
9+
24-319/9M7
29
5442
234
02.16.:60
.16
234
.M41-7
:4-412/7
3.6
:4-4,?46

0BD02.12,./
,1>B2
+:95
.B295.A4:0
23.2
2347
144646
29
D4
0-./46
D.-A;

\4
0BMM40246
23.2
,+
-/4.14:
?43,-/40
.:4
299
48>410,?4C
-910B54:0
@,//
39/6
9129
9/64:
-.:0C
234:4D7
/9@4:,1M
234
9?4:.//

4++,-,41-7
9+
-.:0
91
234
:9.6;

P424:
]4/-3C
>:40,6412
.16
-3,4+
484-B2,?4
9+
234
G.2,91./
IB2959D,/4
̂4./4:0
I009-,.2,91C
0.,6
,1
.
02.245412
F916.7
23.2

@3,/4
234
M:9B>
0B>>9:20
<-912,1B9B0
,5>:9?454120E
,1
:46B-,1M
?43,-/4
45,00,910C
<L2.16.:60
./914
V
@3.24?4:
2347
.:4
V

@91N2
69
234
2:,-A;E



��������� ��	
��
���
����
��
���������
���������
�������
���������
�
���
���
�
���
 ���������
����

���!�"�����#����������!���#�����������������������������!������������������������������������������$�����%��&����'������������(�'(����'��() '�(

*+,
-../012,
34
-563738/.,
901540265:,:;<
=+3;,
7,78,:;
>:3?52,
@A
>,:2,16
34
6+,
20:;
01?
./B+6
6:52C;
;3.?
/1
6+,
D1/6,?

E606,;<
,1?3:;,?
6+,
;+/46F
*+,
B:35>
,;6/706,;
6+06
/6
=35.?
8,
73:,
:,0./;6/2
63
:,G5/:,
6+,
4.,,6
63
:,02+
0
7/.,;H>,:HB0..31

60:B,6
/1
6+,
+/B+
IA;
8J
KAKLF

*+,
DFEF
4.,,6
0M,:0B,?
NOFP
7>B
43:
73?,.
J,0:
KAO@<
0223:?/1B
63
4,?,:0.
4/B5:,;F

-../012,
;>3C,;=3701
Q.3:/0
R,:BG5/;6
;0/?
/1
01
,70/.
6+06
+,:
7,78,:;
S;5>>3:6
6+,
0?7/1/;6:06/31
43:
>5:;5/1B
0
?060H

?:/M,1
,443:6
01?
0
;/1B.,
106/310.
>:3B:07
0;
/6
=3:C;
63
4/10./T,
4565:,
;601?0:?;F
U,
0>>:,2/06,
6+06
6+,
0?7/1/;6:06/31
/;

=3:C/1B
63
4/1?
0
=0J
63
836+
/12:,0;,
45,.
,23137J
;601?0:?;
01?
C,,>
1,=
M,+/2.,;
0443:?08.,
63
73:,
-7,:/201;FV

R56
6=3
0563
237>01/,;<
W3:?
01?
X31?0<
:,2,16.J
5:B,?
6+,
B3M,:17,16
63
70/160/1
6+,
25::,16
:,G5/:,7,16;
856
B/M,

701540265:,:;
0??/6/310.
4.,Y/8/./6JF

Z01
R,2C,:<
?/:,263:
34
6+,
E04,
[./706,
[07>0/B1<
>:3\,26,?
6+06
:,60/1/1B
6+,
]8070
:5.,
=35.?
256
20:831
?/3Y/?,

,7/;;/31;
8J
̂
8/../31
631;
01?
;0M,
OK
8/../31
80::,.;
34
3/.
3M,:
6+,
./4,6/7,
34
M,+/2.,;
237>.J/1B
=/6+
6+,;,
;601?0:?;F
S_M,1

6+35B+
056370C,:;
0:,
>5;+/1B
B0;HB5TT./1B
>/2C5>;
01?
ED̀;
:06+,:
6+01
73:,
,44/2/,16
20:;<
/6a;
;6/..
6+,
8/BB,;6
;6,>
01J

106/31
+0;
,M,:
60C,1
63
256
B.380.
=0:7/1B
>3..56/31
01?
;0M,
3/.<V
+,
;0/?F

*=3
34
b:5/66a;
>:,?,2,;;3:;
=,:,
+0:;+.J
2:/6/20.F

S-..
6+,J
20:,
08356
/;
51?3/1B
,M,:J6+/1B
6+,
>:/3:
0?7/1/;6:06/31
?/?<
01?
6+,Ja..
5;,
01J
,Y25;,
43:
?3/1B
6+06F
*+,J
?31a6

,M,1
+0M,
6+,
/1?5;6:J
/6;,.4
0;C/1B
43:
6+/;<V
;0/?
Q/10
92[0:6+J<
_b-
0?7/1/;6:063:
51?,:
b:,;/?,16
R0:02C
]8070
01?
13=

?/:,263:
34
X0:M0:?a;
[,16,:
43:
X,0.6+
01?
6+,
Q.380.
_1M/:317,16F

92[0:6+J
;0/?
6+06
6+,
;601?0:?;
;,6
?5:/1B
6+,
]8070
,:0
=,:,
80;,?
31
,Y6,1;/M,
1,B36/06/31;
=/6+
;606,;
01?
6+,
4,?,:0.

B3M,:17,16<
0;
=,..
0;
6+,
0563
/1?5;6:JF
S*+,
?,2/;/31
c
70?,
=0;
80;,?
31
:,0.
/143:706/31<V
=+/.,
b:5/66a;
?,2/;/31
;,,7,?

63
+0M,
13
402650.
80;/;<
;+,
;0/?F



��������� ��	
��
���
����
��
���������
���������
�������
���������
�
���
���
�
���
 ���������
����

���!�"�����#����������!���#�����������������������������!������������������������������������������$�����%��&����'������������(�'(����'��() $�(

*+,
-./01/
23*
4,05+567/47./
84/.9
:;
</.=+1/>
=?.
?19@1,
-./A1
7?1
5+57549
B4/C.+
7?/16?.9,6
-./
B4/6
4+,
95A?7
7/DBE6
5+

FGGH
=?591
61/I5+A
5+
7?1
JC404
K?571
L.D61>
7..E
566D1
=57?
3/D577M6
4991A475.+
7?47
.--5B5496
5+
8495-./+54
4/1
6.01?.=
47

-4D97>
64N5+A
O7?56
5,14
7?47
8495-./+54
56
,5B7475+A
./
4/C57/475+A
-./
7?1
/167
.-
7?1
B.D+7/N
56
+.7
4BBD/471;P

Q47?1/>
</.=+1/
645,>
-1,1/49
4+,
67471
.--5B5496
5+
@467
4,05+567/475.+6
=./E1,
7.
/14B?
4
B.0@/.0561
7?47
A4I1
B1/745+7N
7.

4D7.04E1/6
=?591
0.I5+A
7?1
+475.+
7.
10C/4B1
0./1
-D19R1--5B51+7
I1?5B916;

OS?1/1M6
4+
.@@./7D+57N
-./
D6
7.
914,
7?1
A9.C49
04/E17
5+
B914+1/>
0./1
1--5B51+7
B4/6>P
6?1
645,;
O<D7
TS/D0@
.--5B5496U
4/1

650@9N
A.5+A
7.
=49E
4=4N
-/.0
7?47
.@@./7D+57N;P

VD9517;159@1/5+W=46?@.67;B.0

XYZ[
\]̂Y_

.̀01
4D7.04E1/6
?4I1
61B.+,
7?.DA?76
.+
/.995+A
C4BE
-D19
1--5B51+BN
/D916

3/D577
64N6
8495-./+54
56
a+.7
7?1
4/C571/P
.-
+475.+49
7459@5@1
674+,4/,6

2I1+
5+
S/D0@M6
*01/5B4;
8495-./+54
B.D9,
,171/05+1
?.=
B914+
N.D/
B4/
/D+6

b
cde
f]\\Yghi

jD9517
259@1/5+
56
S?1
K46?5+A7.+
3.67k6
61+5./
+475.+49
4--45/6
B.//16@.+,1+7>
B.I1/5+A
?.=
7?1
+1=

4,05+567/475.+
56
7/4+6-./05+A
4
/4+A1
.-
l;̀;
@.95B516
4+,
7?1
-1,1/49
A.I1/+01+7
57619-;
̀?1
56
7?1
4D7?./
.-

7=.
C..E6
m
.+1
.+
6?4/E6
4+,
4+.7?1/
.+
8.+A/166>
+.7
7.
C1
B.+-D61,
=57?
14B?
.7?1/
m
4+,
?46
=./E1,

-./
S?1
3.67
65+B1
nHHo;
p
q.99.=
W159@1/5+

</4,N
r1++56
56
4
+475.+49
/1@./71/
-./
S?1
K46?5+A7.+
3.67>
-.BD65+A
.+
7?1
1+I5/.+01+7
4+,
@DC95B
?1497?

566D16;
L1
@/1I5.D69N
6@1+7
N14/6
B.I1/5+A
7?1
+475.+M6
1B.+.0N;
r1++56
=46
4
-5+49567
-./
7?1
FGGH
3D957s1/

3/5s1
-./
4
61/516
.-
1t@94+47./N
67./516
4C.D7
7?1
A9.C49
-5+4+B549
B/5656;
p
q.99.=
WC/4,Nu,1++56

vwx
yz{|}
~�yz
�x
z{���
�.D/
6DC6B/5@75.+
6D@@./76
V.D/+49560
7?47
04771/6;

�̂�
�
\]gh�
�]̂
��



��������� ��	
��
���
����
��
���������
���������
�������
���������
�
���
���
�
���
 ���������
����

���!�"�����#����������!���#�����������������������������!������������������������������������������$�����%��&����'������������(�'(����'��() (�(



 

 

 

 

 

 

 

 

 

ATTACHMENT 26 




	Attachments 1-23 (NHTSA and EPA)
	ATTACHMENT 1
	1
	ATTACHMENT 2
	2
	ATTACHMENT 3
	3
	ATTACHMENT 4
	4
	ATTACHMENT 5
	5
	ATTACHMENT 6
	6
	ATTACHMENT 7
	7
	ATTACHMENT 8
	8
	ATTACHMENT 9
	9
	ATTACHMENT 10
	10
	ATTACHMENT 11
	11
	ATTACHMENT 12
	12
	ATTACHMENT 13
	13
	ATTACHMENT 14
	14
	ATTACHMENT 15
	15
	ATTACHMENT 16
	16
	ATTACHMENT 17
	17
	ATTACHMENT 18
	18
	ATTACHMENT 19
	19
	ATTACHMENT 20
	20
	ATTACHMENT 21
	21
	ATTACHMENT 22
	22
	ATTACHMENT 23
	23

	ATTACHMENT 23
	23
	ATTACHMENT 24
	24
	ATTACHMENT 25
	25
	ATTACHMENT 26
	26

